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THE PRACTICAL PROSPECTS FOR DISARMAMENT AND GENUINE PEACE 


GRENVILLE CLARK 


(Dinner Address, April 24, 1953) 


| NEED hardly tell you how much | value your 
invitation and the opportunity to meet with this 
famous Society. 1 am especially grateful for the 
introduction of your President, Mr. 
Justice Roberts, whom | have long respected and 
admired. 


generous 


| take as my subject: “The Practical Prospects 
’ J | 


for Disarmament Peace.” 


and Genuine 
Is genuine peace in an ordered world a mere 
wishful dream or is it now a practical prospect 


which practical men can work for with reason- 
able hopes?’ | shall express a tempered op- 
timism that through disarmament under a dras- 
tically revised United Nations, a world governed 
by law will emerge from the present crisis—not 
remote date, but 
period as ten to twenty years. 


at some such 


| hope to present 
sound reasons why we can justifiably look for- 


within some 


ward to such an outcome, instead of resigning 
ourselves either to a new catastrophe or to an 
indefinite period of strain and tension. 

| choose this subject for several reasons. One is 
that it is a field of study which has long pre- 
occupied me. Another is that the problem of 
preventing war is probably the most vital subject 
(in a literal sense) now before the world.  Be- 
yond that is the fact that this question of keeping 
the nations, as has been said, from murdering 
each other is perhaps the most baffling of all 
human problems. * 

You recall the 
Kinstein on that point. 
that 


solve the 


observation of Protessor 


When asked 


man has 


will 
how it is 
able to 
fission, we 


when the mind of been 


secrets of have 


little 


atomic 


made so modern 


progress in controlling 
means of destruction, he replied: “The 
is simple, my triend. It is because politics is 
more difficult than physics.” true! But 


| shall submit that, under the pressure of events, 


answer 
| low 


the light is dawning so that now at last there is 
a reasonable prospect for an ordered world. 

| have still reason for my subject, 
namely, that there could be no more appropriate 
theme at Society founded by 
There are many 


another 


a meeting of a 


Senjamin Franklin. evidences 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAI 


SOCTETY, VOL 


645 


that in the vast range of Franklin’s interests, the 
subject of peace was one of the foremost. But 
none is more striking than Franklin’s interest im 
the “Project of Perpetual Peace” of the humble 
schoolteacher Pierre-André Gargaz, which Frank 
lin had printed at his private press at Passy, in 
1782. Through the kindness of 
members, Professor Julian P. 


one ot your 


sovd, | recently 
received a reprint of the fascinating documents 
relating to this plan, some of which are in your 
archives. li with the 
would he not 
been all the more occupied with it if he were 
with us here 171 years later ? 

At the outset | 
ment 


Franklin concerned 


problem of peace in 1782, 


Was 


have 


that disarma 


is the crux of the problem of 


stress my view 
genuine 
and that progress toward the goal will be 
measured by 


peace , 
the extent to which this basic fact 
is recognized. 

There is no mystery in the proposition that in 
this age genuine peace, as distinguished from an 
armed truce, is impossible while the nations re 
main armed, 

At the present moment, there are in the world 
some 20 million 


military service 


The annual cost is some 100 billion dollars, which 


men im active 


represents about one-ninth of the world’s gross 


product. There is no pause in the creation of 


new and appalling these condi- 


mutual 


weapons In 


tions, fears and tensions are naturally 


so. great as to render negotiation on specific 


issues almost impossible 

Beyond this the drain of the arms race on the 
world’s energy and resources is so great as to 
make adequate aid to the underdeveloped areas 
of the world virtually impossible. And yet the 
state of half of the 


human race now lives is recognized as an under 


poverty in) which nearly 
lying cause of unrest and war. 

It tollows that, in the effort for world order, 
the adoption of specific and effective plans for 
disarmament must be the feature. 
All else, as I subordinate to 
and dependent upon the achievement of disarma 
ment. 


fundamental 
contend, must be 
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Is it surprising that in the tense and suspicious 


atmosphere of a world armed with modern 
a virtual impossibility to 


settlements on 


weapons it is reach 


even nominal 


important ques 
But if nominal settlements of the prin- 
cipal political issues were achieved 
future of 


tions 7 


such as the 
Germany Eastern Europe, the 
Korea and the status of Com 
it might profit little if the nations 
continued to confront each other heavily armed 
and without adequate international machinery 
to enforce the so-called settlement. In that event, 
the atmosphere of distrust would continue; and 
genuine peace would be almost as far away. 
Does it not 


and 
unification of 
munist China 


follow that in the current effort 


towards peace, the adoption of effective plans for 
disarmament must be put in the forefront; and 


that settlements on specific issues can probably 


come only as a result flowing from disarmament 
rather than as preliminary to it? 

In fact we are only trifling, | believe, with the 
problem of genuine peace until we that 
disarmament is a pre-condition. 

Consider the effect of the arms 
settlement of specific issues. 


realize 
race on the 


‘Take, for example, the “liberation” of Eastern 
Iturope. Is there any actual chance, short of the 

disintegration of the Kremlin regime 
defeat in that Russia would in an 
armed world consent to relinquish its domination 
of Poland, Czechoslovakia, and Hungary? With 
hitter memories of from 


short of disinte- 


internal 


or its war, 


successive invasions 
the West, is it not certain that 
defeat would wish to hold 
control over these buffer lands? But in a dis 
armed world, why should it not be possible to 
agree upon restoration of the full independence of 
those nations concurrently with the actual carry 
ing out of an effective plan for universal dis 
armament ? 

Take Korea. In view of the threat to Japan, 
could the West in an armed world afford the 
that a united Korea might come 
Soviet-Chinese control? Or by the same token, 
could Russia and Communist China risk Korea’s 
domination by the West? But in a disarmed 
world, when Korea could be a threat to no one, 
why should 


gration or Russia 


risk under 


there be any serious obstacle to 
Korea’s unity and independence ? 

Such problems also as the future of Germany, 
the control of the Turkish Straits, the future of 
Indo-China and Formosa could readily yield to 


negotiation when a great disarmament plan has 
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heen agreed upon and put into at least partial 
operation, whereas these and other questions 
seem virtually insoluble in a tense, armed world. 

In short, it is time to recognize that any real 
settlement of the world’s most vital political ques 
tions is impracticable while the arms race con- 
tinues; and that important political settlements 
and disarmament are inextricably intertwined. 

Holding this conviction, | view with dismay the 
interpretation put on President Eisenhower's 
proposals of April 16 that some important settle- 
ments, such as the future of Germany and Korea, 
must be arrived at before a disarmament plan ts 
agreed upon and applied. If this was the inten- 
tion, | venture that the order of priorities is er 
roneous and that his proposals will prove sterile. 

It is therefore to be hoped that the President's 
proposals will be otherwise construed, i.e., that 
all important political settlements will be sought 
as a consequence of disarmament rather than as 
something which should or can precede an ac- 
cord upon a comprehensive disarmament plan. | 
regard the acceptance of this basic conception 
as the key to success in the struggle for world 
peace, not only in the long run but in the current 
effort. 

At this point I wish to make it crystal clear 
that I do not suggest unilateral disarmament by 
the United States or else. All 
disarm or none will. 


anyone must 

I make it clear also that the recognition of 
disarmament as indispensable to genuine peace 
implies no disapproval of the current rearma 
ment effort. In our present anarchic world of 
sovereign states, with no world law or world 
police, 


there is no immediate 


alternative to 
Yet we must never forget that 


our 


military strength. 


however necessary present rearmament 


policy, that policy embodies no element of world 
order under law. On the contrary, it is the 
Granting that  re- 


armament has been helpful in gaining time to 


essence of power politics. 


seek the solution it is in itself no stable solution 
at all. With entire consistency, therefore, we 
can support 


immediate 


rearmament and simul 


taneously work for universal disarmament. 

I ask understand that when | 
speak of disarmament, | mean disarmament that 
is not only universal and enforceable, but also 
complete. 


you to also 


I do not mean mere “control” or “re 
duction” of national 
right 


armaments. | their 


strictly 


mean 


abolition, down to the level of 
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limited and 
order only. 


lightly internal 


armed forces for 

Kveryone now perceives that disarmament must 
he proportional and universal. Everyone knows 
also that disarmament must be enforceable—"‘fool 
proof” as nearly as may be. The additional re- 
quirement—that disarmament must also be com 
plete—is less generally understood, but should 
be. Not only is complete disarmament desirable ; 
it is actually easier of achievement than any form 
of partial disarmament. 
tory 


For the record of his- 
shows that efforts for mere “reduction” or 
“regulation” or “control” will almost certainly 
bog down in interminable disputes over quotas 
and the so-called “needs” This is 
common sense as well as the lesson of history. 

It is, therefore, to be regretted that our Presi 
dent still seems to speak in terms of mere “con- 
trol” or “reduction” of 


ot the Powers 


so-called conventional 
weapons, thus leaving it open to maintain power- 
ful national though the effort to 
abolish atomic weapons and other means of mass 
destruction were With respect, | 
submit that if our leaders are to achieve real re- 
sults, they realize that partial 
disarmament is impracticable and must speak 
and act for the virtually complete disarmament 
of all the nations in all arms. 

Now if you follow 
disarmament and com- 
plete—is indispensable to genuine peace, many 
will sav: “Why yes! But 
this be accomplished 7 


forces even 
successful. 


must come to 


me in the conclusion 
universal, enforceable, 


that 


how when can 
Is this not a dream? At 
least is it not something to be realized, if at all, 


in an indefinitely remote future ?” 


and 


This brings me to the heart of my 


subject. 
| want to submit 


why total dis 
armament is not only feasible but not unlikely 
of accomplishment 
twenty years. 


some reasons 


within as short a time as 

The essential point lies in the rapid and terrific 
increase in the destructiveness of modern weap 
ons. This increase proceeds on a scale and at 
a rate hardly yet realized. It creates a threat to 
all mankind of so unprecedented a nature as to 
create unprecedented pressures to find a solution 
The seriousness of that threat 
vitiate, in my view, the current talk that we may 
drift along for thirty or forty years in a state of 
tense armed truce. 
of the 


is sO great as to 


The colossal power and threat 
will, I believe, bring the 
situation to a head within a much shorter time. 


The then 


new weapons 


world will choose 


which road it will 
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follow—whether 


toward a disarmed world or 
ganized under world law, or toward new 
greater destruction. 

I do not believe that the nations will take the 
latter road. I firmly believe that they will cease 
this arms (although perhaps only 
by a close shave and just in time), and will 
universally agree to discard all their weapons 
under a regime of limited world law, administered 
by a revised United Nations. 

As to timing I believe that the general agree 
ment will come to pass within ten years and that 
the actual carrying out of complete disarmament 

by all nations in all arms 


and 


intense race 


will be well on its 
way to completion within twenty years. [ be 
lieve this not because man 
nature, but 


conditions the 


suddenly 
because 


will have 


changed his only 


under 
renunciation of war will 
be found expedient as a matter of cold. self-in 
terest and even self-preservation 


modern 


The impelling cause will be the rapid, progres- 
sive, and unprecedented mastery over the means 
of self-destruction, already mentioned. 

As to the power of the new weapons, | venture 
to remind you of some recent developments. 

We are aware of them partly through solemn 
warnings from high officials. For example, on 
January 7, 1953 former President Truman told 
the Congress : 


Atomic science is in the full tide of development ; 
the unfolding of the innermost 
uninterrupted and irresistible 


secrets ot matter 1s 
Krom now on, man 
moves into a new era of destructive power, capable 
of creating explosions ot 
dwarfing the 


Nagasaki 


a new order of magnitude, 


mushroom clouds of 


Hiroshima and 


On January 16, 1953 former Secretary for Air 
linletter “The forward in atom 
and other advanced weapons is real, intense and 
appalling.” \pril 16 
President Eisenhower spoke of the development 


said: drive 


Only eight days ago on 


of “weapons of war now capable of inflicting in 
stant and terrible punishment 


yresst rr. 


upon any ag 


Equally important are the more definite sur 


mises we can make as to the quantity and power 
of the new 


means of destruction. For good or 
bad reasons (mostly bad, I believe) the military 
keep the people in as much ignorance as possible 
on this subject. Yet we are not helpless in 
making estimates sufficiently 
as a guide to conduct. 


accurate to serve 
We can do so by putting 


together bits and pieces of public information 
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and by studying the comments of those who, 
while they do not know the precise facts, are 
well-equipped to estimate the probabilities. 

For example, the noted military critic, Mr. 
Hanson W. Baldwin, has recently written that 
“the era of atomic weapons by the thousands 
is now at hand or fast approaching.” 

More concretely, the distinguished scientific 
correspondent of the New York Times, Mr. W. 
.. Laurence, and the Messrs. Alsop have ven- 
tured fairly definite estimates of our stock of 
atomic and thermo-nuclear weapons now on 
hand and our prospective stock eight years hence. 
Neither Mr. Laurence nor the Messrs. Alsop 
have had access to any classified information. But 
they have followed this subject for years so that, 
while their estimates are avowedly guesses, they 
are well-informed ones. 

As to our present stock, the average of their 
estimates, which are quite close together, is that 
the United States has the’ equivalent in 
explosive power of not less than 1,250 Hiroshima 
bombs. 


now 


Since that bomb was the equivalent of 
20 thousand tons of TNT, this means an explo- 
sive force equal to 25 million tons of TNT, or, 
in the new parlance, 25 megatons. This result 
has been accomplished in less than eight years 
since the first A-bomh explosion in 1945, They 
have, therefore, looked ahead another eight years 
through 1960. According to the average of their 
estimates, again close together, the United States 
will then have the equivalent of not less than 
7,500 Hiroshima bombs, which means an explo 
sive force of 150 million tons of TNT or 150 
megatons 

Without some means of comparison these vast 


figures mean little. But if one remembers that 


the total bomb tonnage dropped on Germany in 


World War Il was less than one and one-half 
million tons of TNT (approximately 1,400,000) 
one can get a slight idea of recent “progress” in 
destructive power. On this comparison, the 
estimated present stock of A and H-bombs in 
the United States alone would equal in explosive 
force almost eighteen times the total bomb ton 
nage dropped on Germany; and the prospective 
stock at the end of 1960 would be the equivalent 
in explosive power of more than one hundred 
times that total tonnage. 

What can be said as to the killing power of 
these megatons of bombs, as distinguished from 
their explosive power? This estimate is ob- 
viously more difficult owing to uncertainties as to 
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the effectiveness of defensive measures, the de- 
gree of diffusion of targets, the presence or ab- 
sence of warnings and the like. Yet we may 
venture estimates that can give us some idea of 
the slaughter in which we would be 
once our military men were turned loose. 

As to the bombing destruction in Germany in 
World War II, our official estimate is that with 
a dropped tonnage of about 1,400,000, the num- 
ber of civilians killed was 305,000 with 780,000 
wounded, or a total of nearly 1,100,000. This 
shows a ratio of one killed or wounded to each one 
and a quarter tons. On the same ratio, the drop- 
ping of let us say 100 megatons (100 million tons ) 
would produce the killing or wounding of nearly 
80 million persons, of whom 
would be killed. 

The results of the Hiroshima and Nagasaki 
A-bombs were, however, far more deadly per ton. 
Our official estimate of killed and missing in the 
two cities was 106,000 and of wounded 110,000, 
a total of 216,000. Taking the published figure 
of 20,000 TNT as the approximate 
equivalent of each bomb (40 thousand tons for 
the two), we have a ratio for these A-bombs of 
one killed, missing, or wounded to less than one- 
fifth of a ton of TNT explosive power, or over 
six times the German ratio. 

Between the German and the A-bom) results, 
it might be reasonable to take an average of two 
killed or wounded per ton or, say, 100 million 
dead or maimed from the dropping of 50 mega- 
tons of explosive power, representing only one- 
third of our prospective stock eight years from 
now. 


involved 


over 20 million 


tons of 


Very few can say how far such figures are 
wide of the mark. They are as likely to be too 
low as too high. But whatever figures we choose 
to take, | surmise that if we cannot find a way 
to avoid atomic war, we, the American people, 
ought not to count on getting through with it 
without killing or maiming at least 100 million 
civilians, not to speak of the probable deaths of 
as many more from famine and hardship. It is 
needless to say that if this ever occurs we 
Americans would go down in history as_ the 
greatest mass killers so far recorded in the an- 
nals of man. 

You can cut these estimates in half if you like 
and still have a picture of potential destruction 
in war wholly unprecedented in human history. 
One thing at least seems certain, namely, that, 
as Mr. Hanson Baldwin has put it, “the atomic 
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race is the 


ever faced.” 


arms has 


greatest threat mankind 

What are the inferences from these facts and 
estimates in respect of the practical prospects 
for disarmament and genuine peace ? 

One inference is, in my judgment, that this 
condition has stepped up the pace of history 
which marches at a sharper tempo than perhaps 
ever before. As already suggested, it means 
that we will probably come to the parting of the 
ways between disarmament under worid law, on 
the one hand, and unprecedented destruction on 
the other, in a matter of years instead of cen- 
turies or even decades. 

Another inference is that when the power of 
these weapons becomes more generally known, 
new and powerful motives for disarmament and 
a world of law 

What 


motives ? 
and 


will come into action. 

the the paramount 
In spite of the vast destruction of life 
property that modern war would involve, 
I doubt whether mere fear will be a dominating 
motive. At least with us Americans, still some 
what protected by the oceans and possessed of 


will be nature of 


the main power for mass killing, | suggest that 
an entirely different sort of sentiment will be 
superior. [ mean a decent reluctance to take lite 
and cause suffering on a great scale. 

I am aware that we have gone a considerable 
When we 
even contemplate the possibility of the A-bomb 
ing of cities it is a far cry from the time only 
forty years ago when the sinking of merchant 
ships without the bombing of 
civilians were thought beyond the pale. But the 
new weapons make a difference in degree great 
enough to be virtually a difference in kind. I 
venture, therefore, that there remains enough 
latent reluctance to kill and maim women, chil 
dren and old men by thousands at a time to make 
the American people 
holocaust. 


distance towards callousness in war. 


warning and 


shrink from so vast a 
If | am right a powerful weight will 
have been thrown into the scales for genuine 
peace 

In expressing my view of qualified optimism, 
I would not have you think that I minimize the 
obstacles. These include blind fear of change, 
excessive nationalism, and fear of impairment of 
“sovereignty.” They include undue influence of 
the military in our own and other countries, 
stunted imagination, and limited vision. Add to 
these things, the mutual fears engendered by the 


arms race and the not yet ended barrage of ac- 
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West 


array of 


Kast and 


formidable 


insult between 


have 


cusation and 
and you 


barriers. 


indeed a 


I am aware, too, of the measure of truth in the 
cynical saying that “It is folly to expect men to 
do all that they can be reasonably expected to 
do.” There is no positive assurance that man 
will not cripple or even destroy himself merely 
because it is plain that he will do this very thing 
unless he radically changes his ways. 

And yet, in spite of all, | judge the weight of 
the factors making for disarmament and an or 
ganized world somewhat superior—especially the 
impulse of self-preservation and that of normal 
compassion for one’s fellow man. 

| believe this, however, on one important con 
dition, namely, that more and closer thought is 
soon applied to the concrete problems of world 
organization. Benjamin Franklin observed that 
“The best public measures are seldom adopted 
from previous wisdom but fore’d by the occasion.” 
Clearly, however, he did not mean that the pres- 
sure of circumstances will automatically supply a 
solution. For he expressed a companion prin 


ciple of equal rank—that people must be shown 


how to change their ways. 
| invoke his dictum in a letter to Lord Kames 
in 1760 


Many people lead bad lives that would gladly lead 
good ones, but do not know /iow to make the change 
To expect people to be good, to be just, to be 
temperate, without them /ow they 
should become so seems like the ineffectual charity 


etc., showing 
mentioned by the apostle which consists in saving 
to the hungry, the cold and the naked, “Be ve fed, be 
ye warmed, be ye clothed” without showing them how 
they should get food, fire or clothing 


How applicable to disarmament and the cessa 
tion of war! 


Nearly all the individual persons in 
all the nations want to quit killing each other. 
“all 


shares the common hunger for peace and fellow 


As the President has just. said: humanity 


ship and justice.” Yet, as between whole peo 


ples, the way has never vet been found to dis 


card armaments and live in peace as we have 


learned to do in our towns, states, provinces, and 
nations. But now the peoples must really learn 
how to do so under penalties never before con 
templated. This is why I stress the necessity 
for more intensive study of the techniques req 
uisite for disarmament, together with a general 


public discussion as to what specifically needs to 
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be done by way of United Nations Charter re- 


vision. 

In short, a creative minority must learn the 
subject and propose the necessary specific meas- 
ures; and the majority must understand what is 
required sufficiently 
approve. 


at least to acquiesce and 


In this way, we would have the combination 
which I believe Franklin would have envisaged 
as essential to a great new step: Firstly, a set of 
circumstances or 
forms are “fore’d” 


“oceasion” by which the re- 
; and secondly a public which 
knows through creative study and by instruction 
and discussion why the specific measures are 
needed to achieve the purpose. 

There is certainly no difficulty about the pres- 
sure of urgent circumstances. 


They are right 
here today. 


And on the other point, I suggest 
that a better time is about to come in this coun- 
try. 


With all our successes, we cannot fairly 


claim that the present period is one of bold 
political thinking in any way comparable, for 
example, to our Revolutionary period. Although 
there was never so great a need for pioneering 
political thought, | venture that there are not 
now among our 160 million people as many 
imaginative political thinkers as among the four 
million Americans of 1787. 

It is not that we lack talent in general, but that 
too much talent of the first order has been drawn 
into pursuits far distant from creative politics in 
the world field. Now, however, I see a change 
coming in accordance with what seems the age- 
old law that under sufficient pressure men_ will 
be found to meet the need. 

At the present time, I estimate that in our vast 
country, not over 100,000 people are actively 
engaged either in the study of world organization 
or even in its active support; and as to the 
number of excellent minds really devoted to the 
close study of world institutions, I believe that 
they can be counted-on the fingers of two hands. 
| look forward, however, to the time within a 
decade when the number of our citizens actively 
engaged in such studies or supporting them will 
increase tenfold. I say this because in various 
other countries, which by hard experience know 
more of modern war than we, there is a much 
greater interest in world 
among ourselves. 


organization than 

At the present time, for example, the number 
of people actively enrolled in the “One World” 
movement in Norway and Denmark is the equiva- 
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lent of one million Americans, with every prospect 
that this number will increase. Why should we 
be so far behind them? I believe that the gap 
will be closed. 

Two things are imperatively needed: Firstly, 
the formulation of detailed and concrete plans 
for universal, enforceable and complete disarma- 
ment and for the world institutions necessary to 
make disarmament effective; and secondly, a 
great campaign of public education throughout 
the world whereby millions may be brought to 
understand and choose between the various pro- 
posals. 

To accomplish these things, our churches, our 
educational institutions, our women’s clubs, our 
farm and labor organizations, our philanthropic 
foundations, and other great agencies of public 
education must come to life in this great field of 
effort. With a few exceptions, they have a long 
way to go, for they have hardly made a start in 
the realization of their opportunity and obliga- 
tion. But here also I see hopeful signs. 

One further thought: Let us not delude our- 
selves in the belief that we can look for salvation 
to our political leaders. 

It is ancient truth that new dangers require 
radically new measures. 
Chaucer wrote: “New 
here below.” 


Six hundred years ago 
times demand new 
Jefferson wrote that “in- 
stitutions must advance to keep pace with the 
times’; and Abraham Lincoln “As our 
new, so we must think anew and _ act 
We must disenthrall ourselves.” 


cus- 
toms 


said : 
case is 
anew. 

More than ever these maxims apply now. Yet 
there are inherent reasons why our public of 
ficials cannot reasonably be expected to initiate 
the novel and comprehensive measures that the 
situation requires. They are too much preoc- 
cupied with day-to-day problems, too inhibited 
by tradition, too apprehensive of being ahead 
of current opinion to be capable of the great 
steps forward in world organization that the 
atomic age requires. 

It is that some statesman will 
emerge with both the capacity and the willingness 
to define and advocate the minimum 
stitutions that will alone suffice to 
armament and genuine peace a reality. 
is unlikely. We 


normal state of 


conceivable 


world in- 
make dis- 
Sut this 
assume _ the 
that our 
salvation must come from the creative thinking 


and persistence of private citizens not subject 


will do better to 


affairs and to realize 
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to the handicaps and inhibitions of the official 
person. 

On the other hand, let us remember that, while 
the officials will almost certainly be incapable of 
initiating the new and drastic steps that the new 
world situation demands, they will readily adopt 
them if and when there is a sufficiently strong 
public opinion in their support. It follows that 
a great educational campaign is of crucial im- 
portance so that the public will the better and 
sooner understand what is required, tmeluding 
complete disarmament and drastic revision of the 
United Nations Charter. 

I am very conscious that with so vast a sub 
ject, it has been out of the question to do more 


than make 


some observations on a few 


points 
which I deem of special importance. For if one 
were to try to weigh all the considerations pro 
viding encouragement on the one hand or dis- 
couragement on the other as to the practical 
prospects for disarmament and genuine peace, 
one would need not only the four hours allotted 
to Mr. Malenkov but also a “captive” audience 
with no choice but to stick it through. I can 
only hope that I may have stimulated your 
thought to some extent so that you may be in 
duced to form part of that creative minority of 
which I have spoken. 

In closing, permit me to summarize what | 
have tried to say. 
disarmament 
and complete 


l-ffective universal, enforceable, 
is the key to genuine peace. Im- 
portant political settlements can probably come 
only as a result of disarmament, rather than as 
preliminary conditions to disarmament. 
a great effort for 
priority. 


Hence 


disarmament should have 
On the one hand, the world is engaged in an 


unprecedented arms race and faces an unparal- 
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leled threat. But that very fact makes us realize 
how great a slaughter we, the American people, 
would be led to perpetrate unless we find the 
way to an ordered world 
bring to bear, | 


will 
believe, enough decency and 
compassion to stimulate a more intense search for 
new means to avert the disaster. 


his realization 


Beyond that 
there is promise of a new era of creative political 
thinking “fore’d,” in Franklin's words, “by the 


occasion”; and in this promise there lies great’ 


hope. 

We need also a great campaign of .public dis- 
cussion and education as to the specific world 
institutions requisite for disarmament and_ the 
rule of law in world affairs. 


We cannot rely on 
public men to initiate 


what 
salvation les with ourselves. 


he ype. 


is required; our 
But here again is 
For although there is much inertia and 
fatalism, it is also true that many capable men 
and women throughout the world are actively 
working for world order Vheir 
influence will increase as the 
still more deadly. 


and 


bec: me 


number 
weapons 


On the whole | would leave with you a convie 
tion of what I call a prudent hopefulness. To 


achieve world order under law, we must indeed 


have more creative political thought, more intel 
ligence, and more 


pure political 


these alone 


skill, in’ the 
will not 
We shall need also a modicum of 


highest sense. But suffice, 
faith that we 


are not helpless to surmount our problem. Above 


all, we shall need patience and endurance to keep 
going in face of all obstacles, 


It is not through any one of these, but by a 
combination -of them all that the goal can be 
achieved. It will be achieved, I say again, not 


primarily by Presidents or Prime Ministers or 
Foreign Offices but by such people as meet here 


tonight in this renowned Society. 
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AT THE TIME of the Norman conquest there was 
no class of professional advocates in England; 
nor did William bring with him any professional 
lawyers or written law or jurisprudence. In 
early times, however, the lord defended his men 
and the guardian represented his ward. The 
champion, in trial by battle, may be considered 
one of the ancestors of the legal profession. 
This mode of trial was probably brought over 
by the Normans, there being no allusion to it 
in the old Saxon laws. Apparently hired cham 
pions were forbidden in England, but in spite 
of this, much hiring, direct and indirect, seems 
to have gone on, the same champions reappear- 
ing and fighting again and again, each time on 
behalf of a different principal, and frequently not 
clear of one contract until they took on another. 
Bracton, who wrote 1250, tells of 
lias Piggun who was found guilty by a jury 
of being a hired champion, to whom money had 
been paid to undertake the warranty, and who, 
as punishment “lost both his foot and his fist.” 


about one 


Defendant in a trial by battle must have been 
ready to prove his innocence, either by defeat- 
ing the plaintiff or his champion, by frightening 
him to default (as often happened), or by pro- 
longing the “battel” through the day. If it lasted 
until the stars began to shine, defendant won 
the case. 

Trial by combat was greatly to the advantage 
of the rich litigant, who was able to hire all the 
Glanvil, died in 1190, 
welcomed trial by jury as an alternate to the duel. 

Even before the conquest, however, it was the 
practice of litigants to take with them a friend 
consilium., 


good champions. who 


as adviser It is this adviser who is 
really the direct ancestor of the modern lawyer. 
During the next two hundred years this practice 
developed a class of legal advocates and pleaders, 
increasingly experienced and competent in legal 
technicalities, who eventually became the profes- 


sional barristers. The early lawyers seem to have 
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heen mostly ecclesiastics, the only class which 
could read and write. About the year 1200 
priests were forbidden to act as advocates in the 
courts, and it is said that those who had made 
the law their profession then assumed a close 
fitting headdress to hide the clerical tonsure 
Some think that it was this headdress that be 
came the wig of the modern English barrister. 

Although by 1150 the law was as yet hardly 
a conscious profession, we have by then the 
definite names of persons who were conducting 
While \ could not sue for 
friend who had been of obvious help in the 
litigation expected and received a reward in the 
form of an honorarium. Before the destruction 
of Old St. Paul’s Cathedral in the Great Fire, 
each serjeant had a pillar in the nave (like the 
brokers on the stock exchange) where he re 
ceived his chents. In the modern  barrister’s 
gown there is a pucker at the back which is the 
relic of a little pouch in which the grateful client 
deposited his fee, theoretically without the law 
yer’s knowledge. A single streamer was _ at- 
tached to the pouch, by which the barrister, after 
the client had left, could pull it up over his 
shoulder and ascertain the extent 
gratitude. 

In 1239 William of Drogheda, half priest and 
half lawyer, who possibly practiced in the secular 
as well as in the courts, 
study on the trade of advocates, the 
which teach his readers 


cases. they fees, a 


ot his chent’s 


ecclesiastical wrote a 
aim of 
win 


was to how to 


their cases. 


He describes procedure, gives many 
practical suggestions (cautelae) including hints 
for rather sharp practice, and asks his readers to 


spend part of the fees resulting from his advice 


in masses for his soul. He was_ particularly 
explicit in his admonition to collect fees in ad 
vance. “Get your money,” he says, “while the 
patient is ill.” 

sy the time of Edward I at the end of the 
thirteenth century, we see that a legal profession 
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is being formed, consisting of two branches, the 
pleaders, who developed from the friend-adviser, 
(consilium) and finally became the barristers 
(servientes ad legem or serjeants-at-law), and 
the attorneys (attornati). The pleader did not 
originally represent the client, but was his coun 
sellor, whose mistakes it was the client's privilege 
to disavow. The attorney, on the other hand, 
was more than a mere advocate, and represented 
the chent’s person. 


In the early days attorneys 
could be 


appointed only by permission of the 
and it until 1235 that suitors 
were allowed generally to be represented by at 
torneys. 


crown, Was not 


Apparently the earliest provision of law regu 
lating the professional conduct of lawyers was 


the statute the First of 1275 


Westminster, in 1275 
which provided imprisonment and perpetual sus 
pension from practice for any pleader who should 
deceive or beguile the court or his chent. <A 
London ordinance in 1280 laid down 
for admission and practice. 

A pleader might not be on both sides of a 
case, or have a stake in the outcome; where ap 
pointed by the court to plead in a case he might 
not refuse without good cause and might not 
retire without his chent’s consent; the bullying 
of witnesses and parties was forbidden. In the 
early days the pleader might receive reasonable 
compensation in the form of fees, in fixing which 
four points were to be considered 


, 


standards 


the amount of 
the matter in dispute, the labour of the serjeant, 
his value as a pleader in respect of his learning, 
eloquence, and repute, and the usage of the court. 
All these precepts have persisted in the present 
Canons of the American Bar Association. 

The professional conduct of the [English bar 
risters was not, however, eventually prescribed 
by statute, but by the Benchers in the four great 
Inns of Court 


Lincoln’s Inn, Gray’s Inn, Innet 
Temple, and 


Middle Temple—where the bar 
risters received their legal training, and which 
regulated both the barrister’s call or admission to 


the bar, disbarment for 


‘| he 


and his “conduct un 


becoming his” profession.” “bar” was a 


barrier of iron or wood at which the pleader 
stood when addressing the judges. 


In the early 
days a barrister was “disbarred” by being thrown 
physically over the bar by his indignant col 
leagues. 

The serjeants had their own Inn, called the 
Serjeant’s Inn, to which the jfudges, who had 
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been serjeants, also belonged, and hence ad 
dressed the serjeants as “brother.” The serjeants 
sat within the bar and were addressed by one 
another—even the oldest by the 
their surnames, without any “Mr.” 

Although we know of a secular school of law 
at Canterbury 1130 and 1176, and of 
another at Oxford in 1220, the real education and 
training of ithe 


Court in London. 


youngest by 


between 
barristers was at the Inns of 
It was thorough and intensely 
practical and conducted by the senior barristers 
or Benchers. Although consisting in part. of 
lectures by appointed Readers, its principal fea 
ture was the moots, which consisted of arguments 
and hall 
and barristers on 
pounded by them. 


discussions in the after 


doubtful 


supper by 


benchers pro 


Cases 

Many of the lawyer's duties and obligations 
which are now detined in the Codes and Canons 
of Professional Ethics are also covered by statutes 
and court 


decisions—such as the duty to ob 


serve the utmost good faith and fidelity to the 
client as a trusted fiduciary—not to 
masters, or to 


serve two 


disclose confidential 


communica 
tions—the duty of respect, candor, and fairness 
to the court, the duty to have no part in fraud or 
the abuse of legal process, and the like 


are, 


Lhere 
which are not 
enjoined by any statute but have been recognized 
from the earliest times as inherent in the legal 
profession and which are obviously the 


however, two obligations 


result 
of the conditions under which the profession de 
veloped. It is 


these which it is my 


primary 
purpose to discuss this afternoon. 

They are the obligation not, directly or in 
directly, to advertise for or solicit’ professional 
employment, and the duty not to steal one an 
other’s clients. 


Obviously these obligations originally devel- 


oped as a result of the peculiar conditions under 
which the early [English lawyers received their 
legal training and practised their profession. 
These lawyers were an intimate fraternity, 
dining together in the halls of their Inn, joining 


in the readings with the students and in_ the 


moot difficult’ legal problems 
were discussed and debated, and appearing in 


courts ino which 


court, today as colleagues and tomorrow as op- 
ponents. As Shakespeare says of them in the 
Taming of the Shrew; “Do as adversaries do in 
law ; strive mightily, but eat and drink as friends.” 
Also, they were originally almost exclusively men 
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of substantial origins, often younger sons of 
Kngland’s leading families, who, for the most 
part were not dependent on their profession for 
their livelihood. They regarded all forms of 
trade with contempt and scorn, and the practice 
of law in the same way as they did a seat in 
Parliament—primarily a form of public service, 
in which the gaining of a livelihood was but an 
incident. Advertising and competition for prac- 
tice was deemed ignoble and beneath their dignity. 
\lso, the intimate terms on which they lived 
and worked would have been impossible for men 
who were continually blowing their professional 
horns and plotting to steal away one another’s 
clients, and hence looked down on by their pro- 
fessional colleagues. 

The amenities of the profession which were 
thus developed in the Inns of Court were ab- 
sorbed and brought to this country by the young 
men who, in the period prior to the Revolution, 
went to the Inns of Court for their legal train- 
ing, and on their return became the leaders of 
the bar in New York, Philadelphia, 
saltimore, and the south. In Virginia and North 
Carolina they practised without admission to the 
local courts—as members of the Inn where they 
had studied. 

‘There 


Boston, 


were thirty or forty such men who 
studied at the Inns before 1760, and more than 
a hundred between 1760 and the end the 
Revolution, including forty-seven from South 
Carolina, twenty-one from Virginia, sixteen from 
Maryland, eleven from Pennsylvania, five from 
New York, and a number from other states. 
Included among them were Samuel Dulany, 
Sr. & Jr., Charles Carroll, Sr. & Jr., from Mary- 
land; John Read, Jeremy Gridley, and James 
Putnam of Massachusetts, David Ogden and 
Richard Stockton of New Jersey; from Penn- 
sylvania Andrew 


ot 


Hamilton of whom originated 
the phrase “as smart as a Philadelphia lawyer,” 
Benjamin Chew, Thomas McKean, and Edward 
Shippen (who afterwards became Chief Justices ), 
John Dickinson, Francis Hopkinson, and George 
Read; from North Carolina, James Iredell; from 
South Carolina 
Chief Justice ) ; 


(who became 
from Virginia, Peyton and John 
Randolph (each of who became Attorney Gen- 
eral); Edmund Pendleton and John Blair (who 
became Chief Justices), Thomas Jefferson, John 
Tyler, George Mason, Robert Henry Lee, Pat- 
rick Henry, and George Wyeth, Chancellor, who 


John Rutledge 
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was the preceptor of Jefferson, Marshall, Madi- 
son and Monroe. 

Owing to the influence and competition of 
such men as these, high standards of education, 
craftsmanship, and conduct were established in 
our early courts and were maintained through 
the period immediately following the Revolution. 

During the third of the nineteenth 
century, however, there developed a_ growing 
hostility against special privileges granted by 
the government. Professions, and particularly 
bar associations, were deemed undemocratic and 
un-American. 


second 


This manifested itself everywhere 
in a lowering of the required qualifications of 
character, education, and training. 


In a number 
of states statutes and even constitutional provi- 


sions were passed upholding the inherent and 
“natural” right of every voter of good moral 
character to practice law. In others the right of 
admission was assured after a very brief period 
of study. There was also widespread objection 
to the organized bar as a “secret trade union” or 
a privileged class not open equally to all citizens. 
This still persists in the Abraham Lincoln argu- 
ment for easy admission. Even bar meetings, 
which had been primarily social gatherings of 
the legal fraternity, or to honor a distinguished 
judge or lawyer, usually recently deceased, were 
generally discontinued. In the period imme- 
diately after the Civil War, the bar reached its 
lowest ebb. 

About 1875 the leaders of the bar, realizing the 
deplorable condition into which their profession 
was falling, as well as the imperative necessity 
of taking a firm stand against the rising tide of 
commercialism and the growing influence of 
those who would turn the profession from a 
“branch of the administration of justice” into a 
“mere money-getting trade,” began the move- 
ment for the reestablishment at the bar of 
standards of character, education, and training, 
by means of the organization of bar associations 
all over the country. This movement has grown 
and prospered until now in every state it is 
recognized that, both for the protection of the 
public and for the maintenance of the law as 
an honorable profession, no one may _ practice 
law whose character has not been subjected to 
examination and found worthy, and who has not 
passed a prescribed test as to his character, 
education, and legal training. Also bar associa- 
tions are now organized in all the states, in the 
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District of 
countries. 


Columbia, and in a 
These are not merely 


holding annual 


great many 
fraternal so- 
dinners and memorial 
meetings, or trade associations for the material 
advancement of their members, but organizations 
devoted to the pursuit of a learned art in the 
spirit of public service, and exercising over the 
lawyers throughout the 


cieties, 


country a potent in- 
fluence for the maintenance of high standards of 
professional conduct, similar to that of the Inns 
of Court in England. 

In an article in the Atlantic Monthly wm Janu- 
ary, 1924, Lord Moulton gave expression to a 
profound thought, applicable to all of us, but 
particularly to lawyers: 


The real greatness of a nation, its true civilization, 
is measured by the extent there of Obedience to the 
Unenforceable. 


In 1908 the American Bar Association, which 
had been organized thirty years before, adopted, 
after several years consideration and discussion, 
a Code of Ethics, consisting of 
which 
additional ones. 


twenty-eight 
added _ nine 
These Canons have been recog- 
nized substantially, by practically all the state 
and local associations. They embody the lawyers’ 
duties and obligations to the 
public, to his chents, to the court, and to his 
colleagues at the bar. 


Canons, to have since been 


idea as to. his 


No. 7 advises the bar and 


the public that “efforts, direct or indirect, in any 
way to encroach upon the professional employ- 
ment of another lawyer, are unworthy of those 


who should be brothers at the bar.” No. 27 


proseribes advertising and solicitation of profes- 
sional employment, direct or indirect. 

While one can readily understand how such 
practices should have been banned by the at- 
mosphere of the Inns of Court, why is it that 
they have persisted under the different conditions 
which obtain in this country, particularly in view 
of the competitive spirit which has characterized 
our industrial development and been so potent 
a factor in its success? If competition is indeed 
the life of trade, if it is not only proper and 
desirable for men to advertise 
under the Anti-Trust laws 
for them aggressively to compete for the patron- 
age of their rivals’ customers, why should it be 
improper for lawyers to do likewise? 

Several 


business their 


wares but necessary 


considerations have led to the per- 
sistence of these rules of professional conduct 


and their inclusion in the Canons of Ethics. 
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In the first place, while American lawyers are 
by no means as intimate a fraternity as the Eng- 
lish barristers with whom these rules originated, 
still they differ radically from the milk man, the 
liquor dealer, or the manufacturer of cigarettes 
in being yesterday an antagonist and today a 
colleague on the same side of the counsel table. 
They also differ in being members of a profession. 
This is not a fancied conceit, but a cherished 
tradition, the preservation of which is essential to 
the lawyer’s reverence for his calling—as well as 
to his regard and esteem for his fellows at the 
bar. This latter consideration is 


potent than is commonly 


much more 

Although, 
prompted by material success, some lawyers may 
profess indifference to the good opinion of their 
fellows, actually 


supposed, 


none is thus indifferent, but 
each craves such recognition, the more strongly 
the older he grows. A lawyer who advertises, 
solicits, or steals another’s clients is regarded by 
his brethren at the bar as one with whom it is 
not pleasant to associate on the terms of cordial 
intimacy characteristic of the relationship of 
lawyers to one another. 

Furthermore, advertising, solicitation, and en 
croachment on the practice of others does not 
tend to benefit either the public or the lawyer in 
the same way as in the case of the sale of mer 
chandise. While advertising would 
doubtless increase litigation, this has always been 
considered as public policy Besides, 
many of the most desirable clients, imbued with 
high respect both for their lawyer and his calling, 
would have no use for a lawyer who did not 
maintain the dignity and standards of his pro- 
fession and would instinctively resent any attempt 
by another lawyer to encroach on their relation. 


extensive 


against 


Although other contributing reasons have been 
advanced for the continuance of these principles,’ 
the primary reason for their persistence has, | 
am confident, been the determination of the 
leaders of the bar to preserve the dignity of the 
law as an honorable profession. 

There are those at the bar who believe and 
who have stated that the traditions and amenities 
of the profession which ban advertising and 
solicitation of employment and the = stealing of 


clients are being undermined by the go-getter 
1Such as the tendency to stir 


up litigation, the evil 
effect on the ignorant of 


alluring assurances by the 
solicitors, as well as the temptation and probability that 
lawyers who advertise and solicit would use improper 
means to make good their extravagant claims 
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methods of business competition, and that as 
the personal contacts of lawyers become in- 
creasingly less intimate than they were when the 
“customs of the bar” were developed, they will 
eventually give way and law become merely an- 
other business. I am entirely confident that this 
will not happen, principally through the influence 
of the bar associations in standing firm for the 
preservation of the as a profession, “a 
branch of the administration of justice and not 
a mere money-getting trade.” 


law 


It is significant that, despite the recognition 
and adoption during recent years of business ef- 
ficiency, the reluctance of lawyers improperly to 


advertise themselves has apparently been strength- 
ened. Judge Sharswood’s Professional Ethics, 
published in 1854, contains nothing 
about advertising. 
Kthies (Alabama 1887) 

“newspaper advertisements, 
services to the public,” 


whatever 
The earliest state Code of 
specified as proper 
tendering lawyers’ 
and condemned only 
“special solicitations of particular individuals to 
become clients.” In Warvelle’s Legal Ethics, 
published in 1902, the author laments the fact 
that “the leaven of commercial influence is ac 
tively at work in the legal profession.” He ap 
proves the insertion of professional cards, an- 
nouncing the profession 
practiced, in magazines and newspapers of high 
standing and in village newspapers, although he 
decries the insertion therein of a 
dress, as “bad form.” 
1937 


been 


special branches of 


residence ad- 
Since the amendments of 
to the Canons all such advertisement has 
Of Warvelle in 
1902 says that the rigorous rule forbidding it 
“has long ceased to obtain more than a nominal 
observance in England, and never seems to have 
secured a practical recognition in the United 
States.” Boswell reports Dr. Johnson as having 
said, relative to the solicitation by lawyers in his 
time, that he would refrain from it, “not because 
I should think it but 


disdain it. However, | 


condemned. solicitation 


because [| should 
would not have a 
lawyer be wanting to himself in using fair means, 
| would have him to insert a little hint now and 
then, to prevent his being overlooked.” In Eng 
land today, however, the ethics and etiquette 
condemning self-advertisement and solicitation is 
stronger and more uncompromising than ever. 
While there the 
United States solicitation by numerous lawyers, 


wrong 


doubtless is at present in 


there has not, it is believed, been any weakening 
by the bar associations of its condemnation. 
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Ividence of the determination on the part of 
the bar not to relax the injunction against all 
advertising by lawyers was furnished by a recent 
experience of the Ethics Committee of the Ameri- 
can Bar Association. Two years ago we were 
asked as to the ethical propriety of a lawyer's 
having his name in bold face type in the telephone 
hook. We considered that the telephone book 
was not a place where a client looked to choose 
a lawyer, but only to find one whom he had 
already chosen. Accordingly, since the practice 
was apparently not intended for advertising, but 
merely for the convenience of the subscribers, we 
said that it not in violation of the Canon. 
Immediately we received protests from a number 
of local bar 


Was 


and their ethics com- 
mittees who had ruled otherwise, and who urged 
us to permit no relaxation of the rules concerning 
advertising. Accordingly, not to be behind any 
in maintaining professional standards, 
versed our ruling. 


associations 


we fre- 


Another significant indication of the determina- 
tion of the bar associations not to subordinate 
professional standards to modern business prac- 
tices was the abolishment of the Finder’s Fee as 
applied to lawyers. It had long been the practice 
of lawyers, in forwarding a case to a correspond 
ent in another jurisdiction, to expect, as do real 
estate brokers, a division of the fee, even where 
the forwarder performed no service and assumed 
no responsibility beyond the bare recommenda- 
tion of the other lawyer. In 1928 Canon 34 was 
adopted providing that a division of fees between 
lawyers may be based only on a division of 
service or responsibility. 

1 believe that never during the last hundred 
years has the bar been in a healthier condition 
than it There and 
always will be some whose reverence for their 


is today. are, of course, 
profession and respect for its traditions is so 
low that they regard it as a mere means of mak- 
ing their living; but they are a minority, although 
conspicuous because of the prominent place of 
The 


the public in lawyers has been continually demon 


lawyers in the community. confidence of 
strated by entrusting them, for five hundred 
years, with a far larger proportion than any 
other profession or calling of important public 
posts in England and the United States. The 
recently conducted Survey of the Legal Profes- 
sion has demonstrated that by and large lawyers 
are observing the Canons and are highly re- 
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garded in the community by all who have real 
contacts with them. In my capacity as chairman 
of the Ethics Committee of the American Bar 
Association composed of 50,000 lawyers from 
state—| continuous 
had recently eleven in one day 


every receive inquiries—] 


stating difficult 


questions of professional conduct, with 


which 


the inquirers are confronted in their practice, 
asking whether the Association has taken any 
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position with regard to their particular problem 
and expressing their desire to conform to the 
standard of conduct which the Association pre- 
scribes. 

I am entirely confident that, in this year 1953, 
the bar is more than ever determined to preserve 
and maintain the legal profession as one “de 
voted to the pursuit of a learned art in the spirit 


of public service.” 
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As PART of a program in geophysics broadly 
relating to the evolution of continental structures 
measurements have been made over a period of 
five years on waves in the earth’s crust propagated 
out from large explosions, usually about one ton 
of high explosives placed under about 50 feet of 
water. 

We have been interested in determining the 
character of continental structures down to 50 or 
70 kilometers depth, or down to relatively uniform 
materials, under mountains, coasts, and plains, 
seeking to describe how continents differ from 
ocean basins, how the root structure beneath 
mountains differs from those elsewhere, and hop- 
ing, perhaps, for clues relating to the evolution of 
these structures during past geological time. <A 
continent is supposed to be made up, on the aver- 
age, of lighter rock than that of an ocean basin; 
hence it “floats” on the heated plastic mantle of 
the earth with its surface above sea level. By the 
same token a mountain chain also “floats” like an 
iceberg, with its head above the rest of the con 
tinent but with a low density root projecting 
farther into the heavier rock materials beneath. 
It is of interest to and describe these 
deeply hidden structural features in some detail, 
with a view to understanding how they may have 
come about. 


observe 


Gravity observations give one type of informa- 
tion, and they have shown that the surface features 
over the globe are roughly in hydrostatic equilib 
rium, floating on a plastic mantle of heavier rock 
iaterials, but most of the detailed indications con 
cerning deeply buried structures have been gleaned 
not from gravity but from seismic observations, 
especially on the waves from nearby or 
earthquakes. 


local 


The work is a joint program of two departments 
of the Carnegie Institution of Washington, namely 
the Geophysical Laboratory and the Department 
of Terrestrial Magnetism. The U.S. Navy, espe- 
cially through the Office of Naval Research, has 
made it possible by providing nearly 200 large ex 
plosions at times and places specified by us. Nu 
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merous colleagues in other institutions have also 
participated. We are particularly indebted to our 
friends at the California Institute of Technology ; 
the New Mexico Institute of Mining and Tech 
nology ; the United Geophysical Corporation, Pasa- 
dena ; the General Geophysical Corporation, Hous 
ton; the U. S. Geological Survey ; the Department 
of Mines and Technical Surveys, Ottawa (Can 
ada) ; Ontario Department of Lands and Forests ; 
Ontario Department of Mines; Columbia Univer 
sity and to many cordial officials of the mining 
companies of the Mesabi Range in Minnesota, of 
the Coast Guard, the Bureau of Ordnance, and the 
(Office of Naval Research. We gratefully acknowl 
edge our indebtedness to many colleagues in the 
Carnegie Institution who have participated in these 
studies, especially to W. J. Rooney, who was killed 
in an auto accident on one of our field trips, to 
Dr. J. W. Greig, and to our former colleague, 
Dr. R. W. Goranson. 

When our program of observations on explo 
sion waves was begun five years ago, the typical 
description of a continental structure was a “gra- 
nitic’ layer 10 to 20 kilometers thick, underlying 
the sediments. Beneath this “granitic” layer was 
pictured a basaltic layer 8 or 10 kilometers thick, 
probably covering another basaltic layer of similar 
thickness but greater density, and at the base of 
this heavy basalt layer, 30 to 50 kilometers below 
the sediments, an abrupt transition to the very 
dense and heavy ultra-basic rock of the mantle of 
the earth. The sections arrived at have differed 
materially in different regions, the chief difference 
being in the presence or absence of sediments 
above the crystalline rocks, in the thickness of the 
“granitic” layer, in the assignment of one or of 
“intermediate” or “basaltic” layers between 
the bottom of the “granitic” layer and the Moho 
rovicié discontinuity, and in the thickness of the 
“intermediate” rocks. These layers of rock were 
identified by several apparently discrete values of 
the compressional wave velocity, from 5.6 km/sec 
for the granitic rocks to 7.2 for the lower basaltic 
layer, and 8.1 km/sec for the world wide mantle, 


two 
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which is believed to exist beneath the oceans as 
well as the continents. The abrupt transition at 
the junction of the crust and the mantle, called 
the “Mohorovicié discontinuity,” had been in- 
ferred from earthquake times prior to our work; 
its depth was considered to vary from 20 to 50 
or 60 kilometers in different places in Europe and 
America. The more direct method of locating 
such a discontinuity, using compressional waves 
reflected from it at the critical angle, which is 
especially valuable in the case of explosions det 
onated on the had not 
tematically. Delayed arrivals of the waves in spe- 


surface, been used sys 
cial localities had been interpreted as caused by 
in some cases 
was pictured as extending 
downward many kilometers into the basalt, and 
usually the basaltic layers were thought to make 
the Mohorovicié discontinuity 


the roots of large mountain chains ; 


the granitic layer 


underneath large 
mountain masses bulge downward 5 or 10 kilo 
meters into the mantle rock. This 
mantle of the earth appears, from long-distance 
earthquake data, to be relatively uniform and 
structureless over the globe, extending down to 
the surface of the core at 2,800 kilometers depth, 
with a transition of some kind near 800 kilometers. 


ultra-basic 


Karthquakes are not easy to locate with preci 
sion in time and space, and the graphs showing 
apparent wave velocities or travel times, especially 
for local quakes and short distances, are marred 
by disconcerting fluctuations among the points. 
Using the precise timing and locations of explo- 
sions we had hopes of reducing these irregularities 
by observations intended to give a detailed picture 
# the thicknesses and shapes of these several 
layers of rocks having different wave velocities, 
especially beneath such structures as new or old 
mountain chains. 

These hopes did not materialize. Instead our 
precision measurements have demonstrated that 
there is a real scatter of the travel-time points and 
it is due to actual differences in average velocity 
for different locations, even for different directions 
from the same explosion point. These differences 
in travel time are apparently unsystematic and are 
too great to be caused by the passage of the waves 
through the stratified rocks overlying the crystal 
lines. 
fied and the surface has been 
formed on the crystalline rocks. This leads to the 
view that at any depth the crust is not a homo 


Indeed, they are present where the strati 
rocks are absent 


geneous structureless layer but is built of different 
rocks in which the waves have different velocities 
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and that the velocity of wave travel between two 
points is a more or less accidental average. 

Our observations give no reason to suppose that 
the crust of the earth above the Mohorovicié dis 
continuity is actually made up of sharply bounded 
layers of rock of different specific velocities or dif 
ferent average velocities. They show no sharp 
discontinuity lying between the Mohorovicié dis 
continuity and the upper surface of the crystalline 
rocks. However, they do show some increase in 
average velocity with depth and this increase ap 
pears to be too great to be attributed to the effect 
of depth alone, but to require a change in the 
average mineral make-up of the rocks with depth 
\ccording to our observations, the crust of the 
a set of horizontal 


layers of rock of different specific velocities, but 


earth above the mantle is not 


it appears to be full of irregular structures, and 
the velocity of wave travel between two points is 


a more or less accidental average, lying, of course, 


in a certain velocity range appropriate to rocks. 

Our first observations with explosions resem 
bled those for local earthquakes. An average 
first arrival out 
to 130 kilometers or so was found although earth 


velocity of 6.1 km/sec for the 


quake reports showed 5.6 km/sec \brupt in 


creases were also found on our records 


sponding to waves apparently arriving by 


corre 

Way 
of the deeper layers of basaltic rock, as described 
by earthquake observers, and beyond 250 or 300 
kilometers waves were observed showing a veloc 
ity of about 8.1 km/sec for the deepest paths of 
travel. The difference between the surface veloc 
ity of 6.1 and the earthquake value of 5.6 kin/sec, 
which had been used by many observers for 
twenty years or more in large numbers of earth 
quake interpretations (but not by some observers, 
including 


Professor leet and his colleagues at 


Harvard, for example), occupied our efforts for 
two years, involving measurements in the east, 
in New Mexico, and finally an extensive program 
of shots and observations in southern California. 
It was found that the difference arose from mis 
interpretations of the earthquake records for cer 
tain value of 6.1) km/sec 
leet and 
others), and the correspondingly different identi 


regions. Use of the 
(which had been used by Professor 
fications of impulses on earthquake records in 
California, eliminated the traditional diff 
culty that the shear waves of local earthquakes 


also 


there mysteriously arrived at the wrong time; 
they arrive at the time appropriate to materials 
having a compressional wave velocity of 6.1 km 


sec, not 5.6 
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When these observations were extended to in 
clude many shots in one vicinity (Maryland and 
Virginia) changing the shot points, the receiver 
locations, and the directions from shot to receivers, 
discrepancies were found of '% to 24 of a second 
in first arrival travel times of 15 or 20 seconds, 
owing to real differences in the earth itself. This 
real scatter of times was also demonstrated in Ten- 
nessee, and in Minnescta, California, and Wash 
ington. The abrupt increases of amplitude in the 
records after the first arrival were not different 
arrivals or “phases,” but were largely fortuitous, 
owing to the interference of superposed wave 
trains arriving simultaneously at the receivers over 
different paths. There few very strong 
second arrivals which were not greatly shifted or 
obliterated by moving the shot or the receiver. 
These specific large amplitude second arrivals do 
not show the characteristics of a local interference 
pattern, but show the characteristics of a fresh 
arrival of waves from a lower level. We consider 
that they are reflections from a transition between 


were a 


rocks of different velocities, hence real evidence 
for a Mohorovicié discontinuity and a measure of 
its depth. Lastly, it was noted that the interpre 
tation of the earthquake data in terms of horizontal 
layers of granitic and basaltic rock was hardly in 
accord with the degree of consistency among the 


Distribution of observing regions for various groups of large 
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earthquake data themselves; in effect an arbi 
trarily simple structure of the crust, in terms of 
layers, seems to have been assumed many years 
ago and imposed on the data; it can hardly be said 
to have heen derived from or required by the 
earthquake observations themselves. 

A vigorous search was made, nevertheless, for 
the intermediate basaltic layers which apparently 
had been indicated by the earthquake results, and 
for the bottom of the granitic layer, but without 
success. If layers exist, they are masked by ran 
dom inhomogeneities. One structural feature was 
found with some regularity, and this is an abrupt 
houndary between crustal rocks (velocity about 7 
km/sec) and the heavier rock of the mantle (ve 
locity about 8.1 km/sec) at depths of 30 to 50 km. 
In some places reflected waves from this boundary 
fail to appear. Under the west coast mountains, 
California and Puget Sound, the 


houndary cannot be located by reflections, per 


both in near 
haps because of exaggerated roughness or because 
there is no abrupt boundary 

Our that the 
which extend from the mantle upward, may well 
be about as irregular and inhomogeneous as the 
rocks exposed in any large area where the surface 
has the the 
These crustal rocks have a thickness of 


present view is crustal rocks, 


been formed on rocks of Jasement 


complex. 
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iG. 2. Recording of a horizontal one-second period velocity seismometer at a distance of 109.7 km from 2400 Ibs 
of TNT. The upper trace is the pen-and-ink recorded amplifier output with onset of 


ground motion at about 18.6 
seconds after the shot. The lower trace records the one-second chronometer 


breaks 
30 or 40 kilometers in most areas of this con- ve have used displacement, velocity, and accelera 
tinent, and 45 or 55 kilometers in mountainous — tion seismometers and have varied the response 
regions, and they are more dense on the average range over 
(higher velocity) at 20 or 30 kilometers depth 80 cycles. 
than near the surface 


a wide band of frequencies from 1 to 
For most of our observations we have 
used a velocity-type seismometer with response 
Having described in simple words the general from 4 to 30 cycles per second. Some of the ob 
aims of our seismic program and the results ob- serving positions will be repeated using a displace 
tained, it is appropriate to present a brief technical ment seismometer with response from ' to 4 
discussion showing some of the data and original cycles per second, 


just to make sure that the em 
records which have led to these conclusions. 


phasis on higher frequencies which is charactes 
In discussions of such a large scale thing as the istic of a_ velocity 
crust of the earth one must have primary regard — misleading 
for the limited scope of his own information. We The record for Seneca Creek, Md., 
have found it necessary to make large numbers of — vertical seismometer at 
observations in one locality and expedient to do 
this near Washington, D. C. The large dots on able equipment. Precise timing to 0.02 second is 
the U.S. map (fg. 1) indicate the regions where accomplished by calibrating the chronometers at 
ve have had sets of explosions ; observing stations the shot point 


seismometer has not been 


using a 
110 kilometers from a one 
ton shot, is typical of our field records with port 


and at each station against the 
have ranged usually out to 300 miles or so, and — radio time signals from WWY, which have been 
even as far as 1,400 miles from the shots. The most gratefully recorded at all 
interpretation of the data as showing a crustal most varied 
structure filled with more or less random inhomo 


hours and under 
circumstances all over the United 
States by our observing parties. Figures 3 and 
geneities of varied sizes may be due to the par 16 show 


some of the range of terrain and 
ticular localities observed, but at least an effort 


weather encountered in making about 2,000 sepa- 
to sample various locations has been made; we — rate observations on shot waves. At the distance 
expect to examine a few others in coming years. of Seneca Creek the first arrival was at 18.6 sec- 
Similarly, we may be misled by special response onds, with typical later arrivals at 19.3 and 20.3 
features of our equipment; no attempt shall be | and perhaps others. 


made to discuss this point beyond remarking that During the first two or three years of our in 
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ic. 3. Rough weather was encountered in making about 


2000 separate observations on shot waves 
vestigation we usually observed each shot with 
five to eight separate portable stations, each with 
one horizontal and one vertical seismometer. By 
this procedure we acquired a large number of 


points on travel-time curves for the 


Piedmont 


and Appalachian regions in the general vicinity 
of Maryland, fair curves for various paths in 


southern California, as well as numerous individ 
New Mexico to 
As remarked above, the times of the 
first arrivals have a large and real scatter, and 
most of the later “arrivals” prove to be fortuitous 
maxima of local interference patterns, not wave 
fronts suddenly reaching the receiver by way of 
a distinct path in a deeper layer of rock of charac 
teristic velocity. 


ual observations elsewhere from 
Vermont 


It should also be indicated that 
the disturbance of the ground continues for as 
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4. Travel-time curve; also (at top) the same curve 


reduced to a standard velocity of 6.0 km/sec. 
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much as 40 seconds or longer at amplitudes not 
greatly less than that shown in the latter half of 
this record (fig. 2), which was taken at moder- 
ately low sensitivity. 

Figure 4 shows how we plot our data. The 
distance-time curve, drawn for first arrivals only, 
is reduced to one which shows deviations from the 
expected time of arrival based on an arbitrary 
average velocity of 6.0 km/sec. Plotting reduced 
travel-time curves in this way enables us to see 
deviations of small fractions of a second on curves 
which extend out to 40 or 50 seconds travel time. 

The figure showing “Patuxent travel time’ 
gives first arrivals and a few of the more conspicu 
ous later arrivals as shown on a large collection 
of records made in the general vicinity of Wash 
ington, D. C., on Navy shots near Solomons Is 
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Actual travel times for about a hundred observing 
stations in the vicinity of Washington, D. C. 


land, in the Patuxent River. They show approxi 
mate agreement with a surface velocity of 6.15 
km/see (6.2 would do as well), and beyond 150 
kilometers from the shot the waves arrive early, 
indicating travel with a higher velocity at deeper 
levels. In the next figure lines are drawn on the 
Patuxent data which correspond to a_ surface 
velocity of 6.15 km/sec, increasing somewhat with 
depth, but with an abrupt transition to a velocity 
of 8.06 km/sec (8.0 would be more appropriate ) 
ata depth of 32 kilometers. It should be noted 
that the very strong arrivals in the region 80 to 
130 kilometers from the shot, recorded one or two 
seconds after the first impulse and shown as large 
circles, are interpreted by us as reflections from 
the upper boundary of the higher velocity mantle 
rock; the lines are drawn to show what would be 


expected. The initial delay in the travel-time 
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Fic. 6. The observations of figure 5, with curves drawn 
for an upper layer of 6.15 km/sec and a lower layer 
of 8 km/sec showing large-amplitude reflections 

curve 1S 


due to the low-velocity unconsolidated 


sediments underlying the Patuxent River to a 
depth of several thousand feet. 

The records of figures 7, 8, 9, 10 show how the 
observations in several 
regions of the United States fit into a general pat 
tern, with indicated surface velocities of about 6.1 


km/see and with similar variability. 


various locations and in 


Corrections 
for individual stations do not appreciably decrease 
the scatter of the points; the time of first arrival 
repeats precisely for any given pair of shot and 
receiver points, but it appears to vary in an irregu 
lar way, as one moves about. The irregularities 
appear to be spread over the path of propagation, 
not just localized at the receiver, analogous, in a 
sense, to the localized variations throughout the 
atmosphere which cause the stars to twinkle 

It should be pointed out that hundreds of ap 
parent 


“second arrivals” are omitted from these 
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Fic. 7. Observations of first arrivals on seventeen 


large shots off the coast of southern California 


EARTH'S C 


~ 4/6./5 IN SECONDS 


large blasts 


Valley 


8. Observations on several 


the 


quarry 
made by Tennessec \uthority 

fail reliably when 
either the shot point or the receiving point are 
shifted a few hundred yards or perhaps a kilometer 
Shifts like this affect 


from horizontal 


plots, because they to repeat 


or two should not wave 


returns buried uniform 


tures 


struc 
even the most vigorous and consistent 
later arrivals, now interpreted as reflections from 
the &.1 material, do not appear all 
directions of the the Patuxent 
shots, or for all directions at any other shot loca 
Kor the they 
when observing due west and southwest. and this 
may 


km/sec for 


compass) trom 


tion Patuxent 


region cis ippear 


be due to roughness of the deeply buried 
boundary, between crustal and mantle rock, tot 
point roughly 50 kilometers west and southwest 
of Solomons Island. It has not proved feasible to 
arrange one ton shots under 50 feet of water at all 
desired locations, but a few observations on 
quarry shots give support to our interpretation. 
The California shots do not show any evidence 


for the expected sharp transition to a high veloc 
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Fic. 10. Observations in the state of Washington, from 


shots in Puget Sound by the U. S. Coast Guard. 


ity (8.1) material. The observations were neces- 
sarily limited to a given series of shots, and it is 
reasonable to consider that the buried boundary 
in this region is so rough and broken that the 
reflections from it could not be found, although 
the observers were placed and shifted primarily 
in search of the expected reflections. 
SIXty 


In about 
observations on seventeen shots no reflec- 
tions were found. 

The variability of the arrival times, even for 
precisely located and timed shots, shows that cau 
tion is highly necessary in the interpretation of 
local earthquake data for southern California. 
Since the position and time of a local earthquake 
requires the data from four independent stations 
simply to specify the place and time of the earth 
quake, only the data from additiénal stations (he 
yond four) is available for studies of travel time 
or other items. Earthquakes, in addition, may 
have actual extension in time and space. Need 
less to say, we find no evidence in our limited set 
of records (about 60) which might indicate inter 
mediate layers. 

The records from the TVA blasts for mid-Ten 
nessee show reflections from the 8.1 km/sec sur 
face, the Mohorovici¢e discontinuity, and place it 
at 45 to 50 kilometers below the surface, while the 
Patuxent data would place it at 30 to 35. kilo 
meters depth in the coastal region. 

In the records for the vicinity of the Mesabi 
Range in Minnesota we see the reflections from 
the buried discontinuity, at least for three direc 
tions from the various shots. 


The depth here is 
about 40 kilometers. 


In the westerly direction 
they were not found, again presumably because 
of roughness. 
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In the Puget Sound region, as in California, we 
were unable to find the consistent high intensity 
“second arrivals’ required for identification of a 
buried reflecting surface. The Mohorovicié dis- 
continuity here does not exist, or, more plausibly, 
is masked by being rough and broken. The new 
mountains at the western edge of the continent rise 
above disturbances in the rocks which extend more 
than 30 kilometers depth. At the edge of the 
Olympic peninsula, approaching Cape Flattery, 
the high velocity rocks (8.1 km/sec) rise rapidly 
toward the floor of the sea, as shown by observa- 
tions about 100 kilometers west of the shots in 
the Sound. 

The high velocity rocks at the top of the mantle 
of the earth (about 8 km/sec) are 
wherever we have observed at 


in evidence 
distances of 300 
km or more, but as shown in figure 11, the 
uniformity of this velocity is in some doubt. A 
special effort to study these underlying levels was 
not made, and the idea that the mantle rocks are 
relatively uniform may be a result of ignorance 
and very limited measurements. At least there is 
In many places an abrupt transition at depths of 
30 to 55 kilometers to rocks of much higher aver- 
age velocity. 


After several years of observations at separated 


points we became doubtful of the reality of all 
previous deductions regarding the crust, including 
the Mohorovicié discontinuity between crust and 
mantle, which failed to appear in reflection for 
some directions from the Patuxent shots and could 
not be found by us at all in California. We began 
to suspect that all first arrivals were irregular and 
unreliable by reason of energy lost in scattering 
near the surface, and all later arrivals were for 
tuitous maxima of interference patterns of super 
posed “reverberation” waves produced by inhomo 
This 
would leave nothing reliable in any data from 
either shots or earthquakes. We are still reluc- 
tant to change to an optimistic point of view, but 
after making many subsequent observations in se 


geneities in the crust of all ranges of size. 


lected critical locations we have been persuaded by 
the data to admit that reflections from the dis 
continuity (or refractions from a transition region 
of very limited thickness) at the base of the crust 
(top of mantle) seem undoubtedly real in many 
locations, and that this discontinuity is deeper un 
der Tennessee and Minnesota than under Virginia 
and Maryland. 

We have sent several expeditions to the field 
in an endeavor to identify 


reflections or other 
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hic 11 Wave the 


various 


returns from high 


systematic returns 


mediate 


from the boundaries of inter 
the bottom of the 
layer which was formerly postulated 
These endeavors have 


layers, such as 


“granitic 


with de 
tailed analyses of the wave pattern over a con 


been concerned 
siderable area, often a kilometer or more on a side, 
situated at various selected distances from a group 
of three shot points spaced one or two kilometers 
apart. These experiments have been carried out 
near Washington, 1).C., 
State of Washington 


The analysis has usually 


in Minnesota, and in the 


been based on obser 
vations with a series of instruments placed at in 
tervals of several hundred feet along lines 1,200 
to 4,000 feet in extent, usually forming a cross o1 
tee related to the direction of wave travel from the 
shot 


The records show that the received wave 


pattern differs significantly for seismometers sepa 
rated by only a few hundred feet The 

lengths corresponding to our recording frequencies 
range from 1,000 feet to 5,000 feet, hence the mul 


Wave 


velocity 


regions of 


rocks of the 
the United 


mantle (about & km 


states 


sec) in 


tiple records demonstrate that interference pat 


terns give prominent etfects, as of course we knew. 
lf the shot is moved half a mile or so, 
features of the pattern 


seismometers 


many ot 


the received at a 


fixed 
group ot 100 kilometers away are 
hanged, as shown in the first half of the Derwood 
traces in figure 12; the upper and lower sets 
or shots 1.3 apart. Other records 
show that for fixed shot and receiver locations the 
traces repeat 


were 
kilometers 


themselves with great precision 
The very strong later arrivals shown (just above 
the word 


Solomons) in figure 12 never fail to 


ippear at Derwood and other stations near Wash 
ington, in the range YO to 120 kilometers from any 
of the Patuxent shots in different locations. These 
the ones we have identified 
the Mohorovicié dis 
continuity (or refraction returns from a thin tran 
the 
to & km/sec ) 


Vigorous 


returns are 


as direct 


reflections from 


sition region in which velocity. rapidly in 


creases from 7 Kor a transition 


laver the 


at a given depth, say 30 kilometers, 
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Fic. 12. 
second 
waves will strike it at a shallower angle and be 


nore easily reflected as the distance from the shot 
increases ; for a given velocity contrast at the dis- 


continuity there will be an angle in accordance 


with Snell’s law beyond which the wave does not 
penetrate the faster layer below, but is totally re- 
flected (except for a minor fraction of the energy 


Early observations showing variations in seismic records at 100 kilometers on 7 instruments stretched over 
1 kilometer along the wave front; the lower set is for a second shot 1.3 kilometers farther away. 
effects obviously make small amplitude features unreliable in single records. 


Interference 
The timing-grid lines are 20 per 


which is converted to other modes of vibration). 
These strong returns occur just beyond the critical 
angle for reflection at the interface of mantle and 
crust; the wave energy cannot penetrate down- 
ward and a large part of it is returned to the 
surface just beyond the corresponding critical 
distance, which is about 90 kilometers near Wash- 
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T ARRAY 


Fig, 13. 


FORWARD MIXING 


Typical record at 100 kilometers using 24 seismometers spread over 1 kilometer distances along and 


perpendicular to the direction of wave travel; one second marks at top. 
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ington. For distances 


bevond 125 
these 


kilometers 


strong into” the 


reflections fade 


general 
background of reverberation 

For less velocity contrast between the two types 
of rock above and below a velocity transition of 
this kind the critical angle becomes shallower and 
the critical distance at which the reflections return 
to the surface becomes greater; it is easy to see 
that intermediate boundaries between “layers” of 
low velocity contrast above the Mohorovici¢ may 
escape detection by critical reflections if the bound- 
aries are buried 20 or 25 kilometers deep, because 
the reflections would be exhibited at a distance 
well beyond 100 kilometers, overlapping other 

It is now realized that, although 
the methods seem better suited to such a search 


than decades of earthquake observations would be, 


wave returns. 


nevertheless, for a velocity difference between two 
deep layers which is very small, say less than 0.2 
km/sec, no existing procedure will demonstrate 
the boundary between them, whether by earth- 


quakes or by explosion methods 


COLES NECK, VA. (SW) 


A=3).8 
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In view of the marked velocity inhomogeneities 
of structures ranging from large to small dimen 
sions in the crust, as the results of the travel-time, 
interference, and reverberation studies are inter 
preted, it seems at least in the regions we have 
studied that to postulate a crustal structure hay 
ing horizontal stratifications with small velocity 
contrast would only be a fictional simplification of 
the heterogeneous character apparent for the 
crustal rocks which are exposed. Thus it seems 
reasonable to think that the crust throughout its 
volume may carry the scar tissue, so to speak, re 
maining from a long succession of mountain build 
ing epochs. Thus the fact might have to be taken 
into account that there are lateral as well as ver 
tical variations in the crust. Travel-time observa- 
tions On seismic waves can give only averages of 
the actual velocities for locally varying rocks be 
tween the points of observation, and that the idea 
of a uniform horizontal layer of homogeneous 
rock must be a greatly idealized first approxima 
tion was pointed out by 


Professor Birch in the 


MARCH 15, 1951 
T ARRAY 
AQUASCO, MD. (NW) MARCH 6, 1951 


T ARRAY 


Records from two sites at the same distance but different orientations from the shot show superposition and 
interference effects and the futility of identifying “phases” 


from single records; one second marks at bottom of 
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Fic. 15 
superposition effects ; 
Bulletin of the Geological Society of America 
in T943 
The record from Olney, Maryland, figure 13, 
will serve as a typical representative of records 
taken at with the two 24-unit 
seismometer arrays used during the past two years. 
Much of this equipment was loaned by the United 


various distances 


Geophysical Corporation of Pasadena, California. 

The multiple seismometer records from Coles 
Neck and Aquasco (fig. 14), show how different 
the records are at similar distances in ditferent di 
shot. 
have taken in the search for 


rections from the These are two of a num 


ber of records we 


evidence for intermediate layers. Similarly, for 


the records from North Keys and Ethel, in which 
the seismometers were arraved in the form of a 
“T’ and an “LL,” respectively, we find no evidence 


for buried horizontal transitions of an abrupt 


shift to 
positions when the shot position is shifted only 


character; the apparent “phases” new 
modestly. 
It should be that and 


measurements have not all been prepared in final 


remarked our records 


lhe search for wave returns from “intermediate layers” is defeated by interference and 
duration shown is about three seconds. 


form for detailed publication. It has seemed ap 
propriate and timely, nevertheless, to present this 
statement of the scope and results of our seismic 
program, with the reservation that some changes 
in detail, interpretation or emphasis may occur as 
we proceed with further studies of our records and 
the field observations we now have in progress 
The transition in properties and) composition 
from the crust to the mantle remains as the most 
striking feature of the outermost parts of the 
earth. One of the purposes of the present investi 
gation was to shed light on the character of this 
transition. may be of in 
terest to recall that the ultra-basic nature of the 
mantle, 


In this connection it 


which is now widely accepted among 
students of earth science, was first definitely in 


dicated more than twenty-five years ago by the 


measurements (and interpolations) at the Geo 


physical Laboratory. 
SUMMARY 


The rock structures underlying continents ap 
pear to differ from those of the deep oceans ; these 





Vor 97, NO. 6, 1°53 


differences are significantly related to mountain 
building forces and geological evolution. Until 
very recently evidence from local earthquakes in 
Europe and America has been interpreted to indi- 
cate several horizontal layers of granitic and ba- 
saltic rocks below the sediments, each layer 6 to 20 
kilometers thick, all of them forming a crust cover- 
ing the ultra-basic mantle of the earth, which is 
found at 30 to 60 kilometers depth in different 
places. 

In a cooperative program of several institutions, 
observations have been made on about 250 shots, 
The 
shots were provided by the Office of Naval Re 
search and by various mine and quarry operators. 


each using one ton or more of explosives. 


They were observed with high precision at dis 
tances of 30 to 300 kilometers and bevond, vield 
ing a total of roughly 2,000 seismic recordings at 
selected sites. Any group of a few observations 
in this series is deceptively similar to the earth 
quake data, with apparent arrivals 
which could be wave groups from different depths 


success! ve 


However, using many shots and strings of rece 


ing instruments, and moving the shot points and 
the receivers, the explosion-wave measurements 
have shown that most of these successive arrivals 
are localized patterns impressed on the received 
patterns by the superposition of waves reaching 
the receivers, evidently from many inhomogene 
No reflections 
or other regular patterns are identified from hori 


ous rock structures in the crust. 


zontal Javers or similar large features at depth, 


except from the interface of the crustal 
boundary and the high velocity rocks of the man 
tle, which is found at about 30 kilometers depth 
along the Atlantic 


under the 


lower 


kilometers 
mountains, and about 40 
kilometers under the pre-Cambrian shield in Min 


coast, about 45 


‘Tennessee 


STUDIES OF THE EARTH’S CRUST 


a - 
janie af £FF, 


Fic. 16. Much desert terrain was encountered in travel 
ing over 200,000 miles by car and truck for observa 
tions on shot waves 


nesota. The boundary 


y between mantle and crust 
could not be located, and may be rough and 
broken, or missing, under the coastal mountains 
in California or near Puget Sound. It seems rea 
sonable from these observations of the pattern of 
explosion waves and arrival times at distant re 
ceivers to picture the crustal material as exhibit 
Ing numerous structures at 
might be inferred by observations over the su 
face, for’ example, of the pre-Cambrian shield in 
Canada. 


various depths, as 


There is good evidence in many places, 
however, for a relatively sharp boundary, or thin 
transition layer, between the crustal rocks and the 
higher velocity rocks of the mantle 


at depths ot 
30 to 50 kilometers 





THE SIGNIFICANCE AND TECHNICAL ANALYSIS OF ANCIENT TEXTILES 
AS HISTORICAL DOCUMENTS 
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The Textile Museum, Washington, D. C. 
(Read April 24, 1953) 


Av works of art and especially those found in 
archaeological excavations have, as speaking wit- 
nesses of the past, an historical value. This is par- 
ticularly true for ancient textiles which, pertaining 
to a craft, have a triple significance given by pat- 
tern, material, and craft. 

For a number of generations art historians have 
been studying the patterns on textiles but have 
paid little or no attention to the fabrics themselves. 
Now it is beginning to be fashionable to pay some 
attention to the weave of fabrics, and dyes are 
discussed, but few people have bothered about the 
spinning of the yarns or the fibers of which they 
are composed. That study needs at least 20 x 
magnification and good eyesight. But given those, 
the analyst can learn much from the fibers and 
the crafts used to turn them into fabrics. C. J. 
Lamm and his colleagues in Scandinavia for the 
composition of fabrics, R. Pfister in Paris for the 


dyes, are among the first to have opened the way 
to a more scientific approach to the study of tex 
tiles as historical documents through the use of 
technical analysis. 


This line of research is still in 
its infancy but has developed far enough at the 
Textile Museum to prove a useful tool, corroborat- 
ing and at times guiding the historical approach. 
In fact the technical study and handling of textiles 
should be a separate line of research, parallel to, 
but distinct from, the study of design. The scope 
of this field and the knowledge to be gained from 
its study may be imagined if we realize that certain 
fibers are indigenous to certain geographic areas ; 
that the physical properties of the fibers decide 
to some extent whether they require spinning and, 
if so, how they may best be spun; that the fibers 
also determine whether, or how, color may best be 
applied to them, and what types of weave will be 
practical. When matters are settled the 
available looms will limit the type or types of weav- 
ing possible, as well as the width of the material. 
When an inch of plain fabric has been woven the 
analyst can gather information from the fiber as 


these 


to its possible geographic location, information 
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from the spinning as to whether the fiber was spun 
according to its inherent nature and therefore in 
its native orbit, and information from the weaving 
as to whether the yarns were being woven in a way 
usual for some given time and place, while up to 
this point the art historian has no pattern to 
study. Consequently the study of the fabric can 
often tell us something of the history of the design 
To understand this clearly we must first realize 
that fabrics are fluid not static. Warps and wefts 
constantly change their relative positions in the 
web, and even the individual fibers change their 
positions in a yarn, so basically each fabric is gov 
erned by the inherent nature of the individual 
fibers of which it is made, for the fibers do not lose 
their particular qualities by being made into yarn. 
They are not smelted like metals, nor fused like 
clay, they are merely laid side by side. A long 
fiber like silk does not even have to be twisted to 
be woven. Short fibers are spun into a thread, 
but if the process is reversed and the thread is 
untwisted, we find disconcertingly at times, that 
we have once more only separate fibers. If a 
thread is cut, a microscope will show a straight 
line of severance; if it is broken the microscope 
will show few fibers ending in the same plane. 
What has happened is that few, if any, fibers have 
broken, they have just pulled apart. For this rea 
son it is easier to break cotton thread than linen 
as the individual fibers are much shorter. For 
this reason also, parachutes are made only of silk 
or nylon, silk being four hundred to one thousand 
yards long and nylon comparatively endless. 
Having begun our approach to analysis with 
the realization that the individual fibers are not 
changed in order to make a fabric, it is necessary 
next to study the specific properties of each fiber 
in order to understand ancient textiles. Ancient 
textiles were made mostly of linen, cotton, wool, 
and silk. Flax grew in Egypt and the linen fiber 
in its stem is a very fine, round fiber of medium 
length (it should average 20 inches) and great 
strength. When it has been wet it will rotate in 
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an S-direction while drying. All vegetable fibers 
rotate while drying, some in the S direction, some 
in the Z-direction When linen is spun it makes 
a smooth, tough thread, and if S spun according 
to its preference a linen yarn will tend to tighten 
with each wetting. In early times, Eastern Hemi 
sphere cotton ranged from three eighths to one 
inch in length. It looked like a collapsed tube and 
normally had twists in it. Because of the twists 
it did not make smooth thread like linen, as the 
fibers could not lie close together. When cotton 
is wet each short fiber turns separately and quite 
violently. Cotton was Z spun in India, Persia, 
and Mesopotamia. 


It was spun and woven mostly 
in humid climates, 


In dry countries short staple 
cotton could not be kept together long enough to 
weave. Modern cotton spinning and weaving fac 
tories, even when they work on long staple cotton, 
are humidified. Wool is a larger fiber than either 
cotton or linen and fairly long. Because of its 
scales and a certain characteristic called “crimp” 
the fibers lie even less closely in a thread than cot 
ton fibers. The best thread will stretch and catch 
at other threads, but being an animal fiber it will 
not rotate while drying. Silk is a long and very 
slippery fiber which can be woven with little fric 
tion, but once the fabric is off the loom and the 
tension relaxes the yarns slip out of place easily. 
Our four fibers, then, are quite different one from 
the other : cotton, short, uneven, and fragile ; linen, 
medium long, smooth, and tough: wool, medium 
long, resilient, and catchy ; silk, very long and slip 
pery. With such differences in the fibers it is 
clear why diverse crafts were developed to turn 
them into fabrics. 
were 


In places where sheep and 
rather than (tradition 
has it that the first sheep were indigenous to Cen 
tral Asia and spread from there in all directions). 
the whole skin was used to make garments even 
long after spinning of vegetable fibers had begun in 
other places. The only craft heeded in sheep coun 
try was sewing. 


goats raised crops 


In China silk worms abounded. 
From four hundred to one thousand yards of silk 
may be reeled from a single cocoon, so by reeling 
a number of cocoons at once a very satisfactory 
long thread, which did not need to be spun, was 
ready to be woven. Consequently, in that part of 
the world intricate weaving evolved, but little or 

'A yarn has S-twist (spin) if, when 
held in a vertical position, the spirals con- 
form in direction of slope to the central 
portion of the letter S and Z-twist if the 
spirals conform in direction of slope to 
the central portion of the letter Z. 
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no spinning. In India and Egypt, cotton and flax 
hbers might be made into yarns by spinning. Pos 
sibly natives first observed the fibers themselves 
spinning while drying, and being of an 
turn of mind, continued the process 


initative 
At any rate 
the common spinning in egypt is S, the preference 
of flax; in India, Z, where the chief fiber Was cot 
ton. After a spinning craft was established in a 
given region, all fibers spun by craftsmen of that 
region were apt to be spun the same way, the 
tradition passing from one generation to the next 
For instance, the linen warp of early dynastic 
fabrics is S-spun in Kgypt and so is the wool 
warp of rugs made at Cairo for the Mamluks and 
the Ottomans in the fifteenth and 
turies, 


sixteenth cen 
However, the crafts of spinning were dif 
ferent in India and gypt for it takes much more 
dexterity to make a thread out of 


fibers one inch 
long than it 


does when they are 


twenty inches 
As a corollary it may be said that cotton 
spinners made excellent linen thread when that 
fiber came in their way, but there is no evidence to 
show that linen spinners could spin cotton at all. 
As civilization developed, the people and also the 
fibers traveled. Wool traveled most, for sheep 
and goats could walk. The Chinese kept the silk 
monopoly to themselves for centuries, as 


long. 


silk 
worms feed on mulberry trees and need a special 
climate. Flax and cotton, being plants, seem to 
have kept more or less to their native regions 
\t some point in their travels shepherds and their 
sheep met with cotton and flax spinners who tried 
spinning wool, each after his own craft 


fibers have no preference as to direction of S| 


\nimal 
inning 
so both S and Z twists made good thread. The 
Z-spun yarns sometimes show superiority, pos 
sibly because spinners trained on short cotton could 
hardly help making top-grade yarn from = wool. 
which was a much longer fiber. Having been in 
troduced to spinning, the shepherds seem to have 
tried it themselves, possibly at first as a way to use 
wool shed in the molting season. In earlier times 
wool in Central Asia had been made into felt, for 
the scales on the fibers will catch on each other 
and a fabric may be built up by the interlocking of 
the fibers without spinning, weaving, or knitting, 
Felt is still made in Central Asia. 

The simple weaves in which our four fibers were 
first found were influenced by the physical proper 
ties of the fibers 
fibers and strong. 


Linen and silk were smooth 
They were set up close together 
in the warp, and a lesser number of 
woven into them. 


wefts were 
The warps habitually bent 
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around the from view. 
Cotton was too fragile to be woven if the warp 
yarns touched each other. 


wefts and covered them 


Cotton warps were set 
up with a little space between them so there would 
be less friction in the weaving. As the warps were 
spaced it was necessary to beat in an equal number 
This 
type of cloth showed both warp and weft in a 
checkerboard effect. 


of wefts to make the cloth as firm as possible. 


Wool was usually tapestry 
woven, a cloth weaving process in which the warps 
are spaced and held taut, and the weft which 1s put 
in slack, bends around the warps covering them 
entirely. As the weft is put in slack it can be run 
behind only a few warps at a time if the slack 1s 
to be distributed evenly. Therefore it is this weave 
which seems to have been responsible for the be 
ginning of pattern weaving since it is relatively 
simple to change the color at will when the weft 
does not go from selvage to selvage in a single 
motion. Until the wool weavers developed this 
craft, patterns had been applied to finished goods, 
in Egypt by painting on the linen cloth with a 
pigment which covered the fabric but did not color 
These 
techniques like spinning and weaving were also 
dependent on the fibers. 


it, in the East by reserve dying or printing. 


It was hard to dye linen 
for the fiber is long and not very absorbent (for 
this reason it makes excellent dish towels ), whereas 
cotton is short and absorbs dye readily (and makes 
poor dish towels for they get soaked quickly ). 
Silk could be dyed but did not hold its color as 
well as wool which dyed easily and held the dye 
because of all the small scales on the surface. 

Silk was a fine and slippery fiber. In the Far 
cast silk thread was used to embroider patterns 
on silk fabric. When silk thread was imported 
into cotton country it was used to embroider cot 
ton fabrics also. However, in the Near East where 
wool was the native animal fiber, wool tapestry pat 
terns were made on wool warp during the weaving 
of the fabric instead of on the finished goods. 
When wool was used by linen weavers they also 
worked wool tapestry areas in their linen webs 
So when silk came to Egypt there were no em 
broidery traditions for the linen weavers to fol 
low. They developed stitches, suggested by their 
tapestry craft, which were suited to linen fabric. 
The Egyptian stitches, therefore, were different 
from those used in Asia, and again the differ 
ences were caused by the craft traditions stemming 
from the physical properties of the native fibers. 

For instance, the chief stitches used by the 
ISastern Abbasids, whose capital was at Baghdad 
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were chain stitch (fig. 1), blanket stitch (fig. 2), 
and coiled double running stitch (fig. 3). Chain 
stitch was used all over Asia. It seems to have 
been indigenous wherever the material to be em 
broidered is either loosely woven, slippery, or 
fragile. If we consider the working of a chain 
stitch, we see that it is eminently fitted to keep 
the yarns of the ground fabric from shifting their 
positions and also to give an equal pull on each side 
of the material. For the thread travels the same 
course on the front and on the back, and the links 
of the chain on the front equalize any pull there 
may be between one stitch and the next. Blanket 
stitch, which was used for fine work, acts in much 
the same way. Though the thread is carried from 
stitch to stitch on the face of the material the cross 
ing of one stitch by the next equalizes the strain. 
Coiled double-running stitch is equal on face and 
back, the second course retracing the route of the 
first exactly, coming to the face where the first 
course went to the back and vice versa. All these 
stitches, developed in Asia over many centuries, 
were designed to work patterns with as little dis- 
turbance as possible to the ground fabrics and 
therefore are related directly to the needs of cot- 
ton fibers which were fragile and silk fibers which 
were slippery. 

In Egypt the necessities of the fibers were differ- 
ent as were the traditional crafts. In Graeco 
Roman times colored tapestry patterns were made 
with wool in fabrics with linen warp. Wool was a 
comparatively fat fiber and the Egyptian tradition 
of setting their warps close together made em 
broidery difficult. [It was much easier to work a 
wool pattern on the bare linen warps than on 
finished goods. Even then a number of cloth 
warps were usually grouped -together to make 
one tapestry warp, in order to keep the wool pat 
tern from bulging out of the goods. Consequently, 
when silk first came to Egypt the linen weavers had 
no embroidery traditions in which to use it. As 
it was a fine fiber and did not spread out like wool, 
it took time before they learned to use it for a 
tapestry weft. It is interesting to find that the 


embroidery stitches are what might be expected 
when a new technique is suddenly called for as it 
was by the Abbasid Caliphs in 
wanted linen fabrics from Egypt with silk tiraz ° 
worked in them. 


Jaghdad who 


Since the linen fibers were tough, 
pull on the material did not have to be taken into 
2 The word “tiraz’’ is used to mean both an historical 


inscription worked into a textile and also the factory in 
which the work is done. 
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Fic. 1. Chain stitch 
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front back 


Fic. 3. Coiled double-running stitch. 
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front 


Fic. 4. 


back 


consideration. Linen was not particularly slip 
pery, so it was not necessary to try to keep the 
fibers in place. 
eo}. 


The first stitch used was couching 
(fig. The embroidery thread was brought 
through the material, laid in the desired place on 
the face of the material, and carried through to the 
back again. From the back, couching stitches were 
taken over the thread on the face to keep it in place. 
As the thread on the face and on the back coincided 
only occasionally and took quite different courses 
between times, this method would work on linen 
which was strong and stable but was not suited to 
cotton or silk where the pull on the two sides of 
the material had to be uniform. Stem stitch (fig 
4, top) and back stitch (fig. 4, bottom) were also 
used, the one being the reverse of the other 
soth stitches tend to pull some ground threads to 
gether separating them 


from their neighbors 
Because the traditions behind the craftsmen were 
weaving traditions, stem stitch and back stitch 
were worked only in horizontal rows; that is, 
they were worked on the warps but never went 
over a Flat stitch did progress 
vertically, but again it was a weaver'’s stitch. The 
diagonal part of the stitch was on the face of the 
material and the passage behind the warps was al 
ways in a horizontal row. 


weft. (fig. 5) 


It was the same stitch 
that tapestry weavers had used with a free bobbin 
to make vertical demarcations. One other habit 
of work is used in connection with all Egyptian 
stitches; they threads. 
A base line was marked by the pulling of one weft 
and the letters of a tiraz were worked from that 
point—so many threads for the width of the letter, 
so many for its height. 


were worked on counted 


This one tradition made it 


oe! eee ge ae ore 


lop, stem stitch; bottom, back stitch 
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sete 
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back 


Blanket stitch 
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back 


Fic. 5 
Flat 
stitch 


Couching 


impossible to use chain stitch or blanket stitch 
Threads in the ground cannot be counted with a 


chain or blanket stitch in the way. Coiled dou 


ble-running stitch also went against the tapestry 


tradition, in fact against all weaving tradition, of 
having each weft lie next to the preceding one. 
In weaving one weft cannot encircle another, Of 
course, on rare occasions one finds the craftsmen 
of one region copying the stitches of another re 
gion but they usaally do it in that is 
apparent if the basic philosophy of the cratt 1s 


known 


some Way 
Kor instance, Egyptians sometimes used 
chain stitch for the tail of a letter, but they did not 
use it in any part of the letter where the shape was 
flat imvitat 
ing an Egyptian tiraz but as they had no tapestry 
tradition behind them, they 


significant \sians used stitch when 
turn if 
sideways and work it over the wefts instead of the 


were apt to 
warps—a method which would never occur to a 
tapestry weaver. 

From this discussion the fact has emerged that 
the techniques of spinning, weaving, and even em 
broidery were originally developed because of the 
innate properties of the fibers concerned 
was concerned only with the fiber. 


Spinning 
Weaving and 
embroidery were concerned also with the pattern, 
if any. Before weaving can start some fiber must 
be spun into a yarn which, when set up on the 
loom, forms the warp. Therefore our basic tech 


the Textile Mu 


To catalogue a textile 


nical classification of fabrics at 
seum is by warp material 
as having a single linen warp is comparable to 
saying that a tune was played on a piano. ‘The 
same pattern could be woven on a wool warp or 
a silk one and if this were done the differences in 
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the result would be similar to the differences in 
effect of playing the tune on an organ or harpsi- 
chord. The basic process is the same but the par- 
ticular manner of handling the fiber or instrument 
is different. 

\ factual approach has always interested Mr. 
George Hewitt Myers, President of the Textile 
Museum, so with his advice and encouragement 
the staff has established a set of working methods 
for making a systematic technical analysis on which 
to base their technical classifications. Statistics 
under three main headings: fiber, spinning, and 
weave, or in the case of rugs: fiber, spinning, and 
knot, form a basic analysis now given as part of 
the Museum registration. After the analysis has 
been made the fabrics are catalogued historically 
by pattern and technically by warp material 
When a specific group is being studied as a unit, 
a detailed analysis is undertaken including thread 
counts and other sub-heads applicable to the par 
ticular project. Chart systems have been devised 


in order to 


obtain uniformity and 


clarity of 
presentation, 

Thus far we have given you a synopsis of years 
of research. Isolated pieces of information in this 
technical field were baffling until the Textile Mu 
seum staff had tabulated enough information on 
these matters to explain logically phenomena en 
countered in many phases of work with fabrics 
which in the twentieth century seem merely to 
have been aseribed, in the pet phrase of an eminent 
mining engineer, to “the cussedness of inanimate 
objects,” since the twentieth century has forgotten 
the beginning of the crafts now so largely mecha 
nized. 

For instance, a painter has two linen canvases ; 
one with yarns S-spun, the other Z-spun. He 
mounts them tight on their respective stretchers 
and applies a priming coat of paint to each. The 
S-spun one dries taut and is ready for use; the 
Z-spun one loosens and sags. The painter and 
the manufacturer of the canvases had not redis- 
covered a basic characteristic of vegetable fibers 
which in the dim past was probably responsible 
for the beginning of the crafts of spinning. Yet, if 
the painter were also a gardener, he would know 
that each type of climbing plant has its own prefer 
ence as to the direction it will take going up a pole. 
If he has ever tied a vine firmly in the reverse di- 
rection he probably has found the next morning 
that the new growth was, once more, going its own 
way. Vegetable fibers even when spun into yarn 
have the same determination as the parent plant, 
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but as they are somewhat thwarted by being 
bunched together into yarns which are then beaten 
together into fabric, this “cussedness” only shows 
plainly when the fabric has been wet and is drying. 
When a vegetable fiber is drying it will turn 
according to its preference. So in the case of the 
linen canvas with yarns S-spun, the spin will be 
strengthened and the canvas will be firm; in the 
canvas with yarns Z-spun against the desire of 
the linen fiber, the yarns will and the 
canvas will sag. It would have been useful for 
the painter if he had known which way a given 
fiber should be spun to produce a taut fabric. It 
is indispensable for the staff at the Textile Mu 
seum to know how each fiber should be spun before 
trying to clean an ancient fabric, for if the yarns 
are spun properly for the fiber they will strengthen 
with a wetting ; if improperly they unwind and the 
fabric might disintegrate. This characteristic, 
though not entirely understood, is often taken into 


ke rosen 


account hy people who, before cutting material for 
any given purpose, “shrink’’ it, 
thoroughly and let it dry. 


that is, wet it 


Though technical analysis is a major function 
in itself at the Textile Museum, it serves merely as 
the starting point for a second line of work which 
might be called “Archaeological Laundering.” 
This field covers the proper cleaning, blocking, and 


mounting of textiles. Mr. Myers says he does not 


like street dirt on textiles any more than on a per 
son’s face. 


Therefore, the staff are investigating 
the best methods to use in removing dirt without 
harm to the fabrics. Methods vary according to 
the fibers, spinning, and weave of the fabrics. 
The permanence of the dyes used must also be 
taken into account. 


For the most part ancient tex- 
tiles will 


same scientific treatment as 
modern ones, provided they are properly sup 
ported, so one member of the staff has taken the 
training course given by the Experimental Labora- 
tories of the Cleaners and Dyers Association. To 
their knowledge of cleaning agents and methods, 
she adds experience in handling fragile fabrics. 
Our cleaning process is designed not only to rid 
the fabrics of soil but also to lengthen the life of the 
fabrics by lubricating the fibers, and with this com- 
bination of training she is able to bring back much 
of the original color and resilience of the fabrics, 
and to hand them on in a pliable state to be prop- 
erly blocked and mounted, so that they may be 
shown or studied without coming to harm. The 
need for proper blocking and mounting is two 


fold. 


stand the 


The first consideration is the preservation of 
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the textile, the second is to return the pattern to 
its original state. This second necessity is often 
overlooked by the scholar who is used to dealing 
with more rigid media. In sculpture, painting, or 
carving, the remaining part of a damaged design is 
still where the artist put it. That is not necessarily 
so with textiles. The warp, during the weaving 
of most fabrics is held straight by the loom under 
a certain amount of tension. The weaver puts in 
the pattern on these straight warp threads, but 
when the fabric is finished it is cut from the loom 
and the tension on the warp relaxes. If the fabric 
is then stretched diagonally, the warp and weft 
threads will take new relative positions and the 
drawing of the pattern may look entirely different. 
People experienced in working with textiles may 
he able to make allowance for this distortion, but 


quite often art historians, accustomed to studying 
many media, find it hard to realize that textile de 
sign is fluid, not static, and that it requires a dif 


For 
this reason it is very important that historic tex 
tiles be mounted with their warps straight and 


ferent approach from sculpture or painting. 


their wefts as near as possible where the weaver 
put them. Some excellent examples of early de 
sign have been catalogued as archaic or degenerate 
just because they were crooked 

It would be more convenient if the crafts of 
washing and mounting did not have to go hand in 
hand with the sciences of analysis and cleaning, but 
it is necessary for the craftsmen also to be scientists 
since they must be able to tell what fibers are 
present ina textile and how best to rid those fibers 
of the particular type of soil attached to them be 
fore any actual work can be 
straighten a fabric. 


done to clean or 
Once the process of cleaning 
has begun it should, for the good of the textile, be 
carried through to the end The textile should be 
blocked while it is drying and the final mounting 
should be done while it is still damp. If the 
mounting job takes so long that the textile dries 
before it can be finished, the section being worked 
on at any time must be kept moist with a solution 
of glycerine and water. We keep an atomizer full 
of glycerine and distilled water. 

In blocking some early textiles it may be im 
possible to straighten the warps completely. If 
the fabric lies flat and the warps seem to have been 
pulled out of line by the weaving, that does not 
Rather, 
it is an indication that the textile was woven on a 
Greek type loom with a beam at the top and 


weights at the bottom 


necessarily show lack of skill in mounting. 


On this type of loom, the 
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warp threads are held under tension but can still 
be pulled out of line, as the weights are not stable 
ven if the textile had been found in egypt, that 
one fact would point to a non-Egyptian weaver, 
for Egyptian looms had two beams and the warp 
was therefore held each end. In 
this case the student who knew only design and 
did not know his crafts might easily make a mis 
take in placing a textile, calling it Coptic when it 
was really woven by a Greek. 


immovable. at 


When our technical file was small, isolated pieces 
of technical data were confusing; now our ex- 
panding file has been able to settle some isolated 
modern problems. It was technical data which 
allowed the Museum Analyst to suggest the ap- 
propriate translation of Esther 1, 6 to the Com 
mittee for the 1952 Revision of the Bible, thus 
ending the uncertainty of the 1901 edition which, 
describing the palace of King Ahasuerus in Susa, 
read “There were hangings of white cloth, of green, 
and of blue, fastened with cords of fine linen and 
purple.” A footnote gave “cotton” as an alternate 
reading for the word translated “green.” The 
Textile Museum files show cotton as the indige 
nous fiber for that part of Persia; and they also 
note that indigo was the dye used to produce both 
blue and green in early times. Good greens will 
result when indigo is used on yellow wool, but 
only shades of blue when it is applied to white 
cotton, The proper translation in 
therefore, “cotton” 


1952 reads 


this context, 

The 
cotton 
curtains and blue hangings caught up with cords 


was and not 


“oreen,” 
Revision “There were white 
of fine linen and purple.” 

Our technical information was put to practical 
use at least once during the last war. The Director 
of Navy Research told a member of the staff of 
dissatisfaction with the uniforms for the men in 
the South Pacific. When informed that the uni 
forms were cotton gabardine, the analyst knew 
immediately that gabardine was such a close weave 
it would take a long time to dry when it got wet 
from rain or perspiration, and that all the time 
the cotton fibers were drying they would be turn 
ing and would itch unbearably. She suggested 
an open weave which would dry faster, made of 
silk, wool, or nylon fibers which do not spin by 
themselves. 

From these scattered examples it is clear how 
vast this new field of research can be, and we wel 
come cooperation from other institutions having 
textile and rug collections. We are trying to make 
our methods as simple as possible so that others 
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73.17 


(a.p. 922-923). 


can follow them. 


on the 


They have already been used 
Karly Christian and Byzantine collections 
of some fifteen museums in this country by the 
Dumbarton Oaks Textile Census, a project started 
by Mr. and Mrs. Robert Woods Bliss and carried 
out by Miss Bellinger, who also made a technical 
file of some two thousand textiles at the Victoria 
and Albert Museum in London as a collaborative 
project of the Victoria and Albert Museum, Dum 
barton Oaks, and the Textile Museum. Therefore, 
with our own collections comprising about four 
thousand items of which three hundred are rugs, 
over ten thousand analyses are already available. 
With this information as a background, three pa 
Nos. 2, 3, and 6 in the Museum's series of 
Workshop Notes devoted to a dis 
cussion of fibers and early techniques in Egypt and 
the Near East. The textiles from the Yale Uni 
versity Excavations at Dura-Europos were pub 
lished with technical analyses and the Catalogue 
Raisonne of the Textile 


pers 


have been 


Museum Collections in 
about twenty volumes will have in each volume an 
historical treatment by a noted authority in the 
field and a corroborating analytic study by the 
staff of the Museum. The Catalogue of Dated 
liras Fabrics, published by the Museum last No- 
vember as the first volume in this project, has 
the historical study by Dr. Ernst Kuhnel, the 
technical analysis by Miss Bellinger. As a final 
example in this paper, we will explain the use of 
technical analysis, taking as a focal point a par- 
ticular problem in the Tiraz Catalogue where tech 


The 
in the 
the 


\rabic transcription of figures 7-15 may be found 
Catalogue of Dated Tiras Fabrics, published by 
Textile Museum in November 1952 


Cotton embroidered in the private factory 


BELLINGER PROC. AMER. PHIL. SOC 


back 


at Baghdad in 310 H. 
Chain stitch.* 


nical data changed the significance of a_ textile 
containing an Historical Arabic Inscription. 

In our detailed study of Arabic textiles before 
the publication of the Catalogue of Dated Tiras 
Fabrics, Dr. Kuthnel’s reading of the texts let us 
arrange the technical information in such a way as 
to show the workmanship in different regions at 
various periods, the regions and periods being 
documented by the inscriptions themselves. In 


some cases it was even possible to establish the 


particular characteristics of a given center since 
forty-four of the texts mentioned the producing 
factory. 

Under the heading fiber, we confirmed the fact 
that all “white” fabrics mentioning Egyptian fac 
tories were made of linen; all mentioning Asiatic 
centers were cotton or mulham (a fabric with silk 
warp and cotton weft). In other words mulham, 
coiton, and linen were similar materials but each 
The finished material 
was exported but not the unspun fiber. Under 
Spinning we found that Z-spinning was used in the 
cottons of the Eastern Caliphate ; S-spinning in the 
gyptian linen factories. 


belonged to a given region 


However, during the 
\bbasid period a little Z-spinning appeared in 
Kgyptian factories. Apparently Asiatic workmen 
trained to spin cotton were sent to Egypt to in 
sure the type of fabric wanted by the Abbasid 
rulers. (We mentioned above that cotton coun- 
tries made fabrics in which warp and weft were 
equally prominent, whereas in the usual I gyptian 
fabrics the warp alone was prominent.) They 
took their method of spinning with them, but did 
not convert the Egyptians, for when the Fatimids 
came to power and intercourse with the Eastern 
Caliphate ended, Z-spinning is no longer found in 
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back 


factory Misr in 300 H (a.p. 913) 


Couching and back stitch 


Meyvpt. Under weave 
we found that the fabrics of this particular group 


were all plain cloth weave. 


Fatimid linens are S-spun. 


So, though weave 1s 
a basic heading, 
pre ject. 


it was not productive in this 
To these three basic headings two others 
were added pertaining to this group of textiles: 
embroidery stitches, and method of working the 
text. The enrbroidery stitches (figs. 7 and 8) 
were different in egypt from those used in the Kast 
For the reasons explained above Asia used chain 
stitch predominantly. [Egypt used couching, back 
stitch, stem stitch, and flat stitch. The method of 
working the text was also different in Asia and in 
egypt. In Asia the text followed the path of a 
written script and the embroidery had no rigid 
relation to the weave of the ground material. In 
:gypt a thread was drawn for the base line and 
the inscription was embroidered, from that line, 
on counted threads making the letters rather an 
gular. With our five headings: fiber, spinning, 
weave, stitches, and method of work, we had es 
tablished four good sets of rules which would be 
useful guides in future analyses. 


73.661. 


\fter these 


several 


criteria had been set we acquired 
which (no. 73.661) 


(fig. 9) is the foeal point for this example 


more tifaz, one ot 
(our 
technical analysis showed the warp and wett to be 
cotton, The yarns were Z-spun. The inscription 
was embroidered in chain stitch and the calligraphy 
was worked like a written seript, not from a drawn 
thread (A thread had been drawn but the line 
was not followed exactly, which fact served to ac 
\ll the elements were -\si 
Kuhnel’s translation of the 
Blessing from God to the Servant 
of God Ibrahim, the Imam al-Mutaqqi lillah, in 
O41) Here then 
Did the factory at Misr sud 


dently change its habits or did some workman in 


centuate this point. ) 
atic llowever, Dr. 
text read * 
Misr, (Cairo) vear 330° (A.p 
we had an anomaly 


\sia try to.fake an Egyptian tiraz-? 

(ur first move was to examine other tiraz made 
at Misr. We had fifteen, dating from about A.p. 
800 to 971. They all had linen warp and weft. 


No, 73.372 (fig. 10) was woven in the factory at 


Misr in a.p. 941/2 (the same year as our problem 


piece Ee 


It conformed to all the general rules for 


Blessing from God to the Servant of God Ibrahim, 


the Imam al-Mutaqqi lillah, in Misr, year 330.” 
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yypt at that period. 
yarns were S-spun. 


The 
‘The inseription was worked 
in couching, back and flat stitches, and the indi 
vidual letters were worked, from a base line, on 
counted threads. 


The fiber was linen 


The workmanship also showed 
the particular characteristics of the Misr factory. 
The base line was heavier on the back than on the 
face, and there were several horizontal lines of 
back stitching which helped to anchor the tails: 


It was clear that the workmanship of the Misr fac- 


tory had not changed. 

Therefore, no. 73.661 was branded as a fake 
the text did not agree with the fabric. But what 
kind of fake? Was it modern or ancient? Our 
next move was to compare it with six tiraz men 
tioning the names of Asiatic factories. It did not 
quite fit with any of them. Then we compared it 
with the dated tiraz made in Asia which did not 
include factory names. It was the same work 
manship as 73.635 (fig. 11) made in a.p, 913. The 
craftsman or factory had kept the same habits for 


thirty So our fake was of known 


years work 
manship, attested in the proper century, and was 
not a modern product. 

What then was the place of this textile as a 
document? From a study of the text we found the 


protocol irregular since the usual words “Com 


> 


ok Oe 
ede Ds 


Pig ll. 


y =—=27 20 
No. 73 O95. 


been made in the year 300 (7).” 


“In the name of God, the Merciful, the Compassionate. 
God Ishaq, the Imam al-Mutaqqi lillah, Commander of the Faithful, may God prolong his existence 
the vazir Sulaymin bin al-Hasan, in the factory at Misr 


“In the name of God, the Merciful, the Compassionate. 
God Dja‘far, the Imam al Mugtadir billah, Commander of the Faithful, may God strengthen him. 
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x ’ igo * ad 


Blessing from God to the Servant of 


Ordered by 
Year 330.” 


mander of the Faithful” after the name of the caliph 
were missing, but the date, the caliph, and the pro 
ducing center were mutually credible. From the 
technical standpoint the date was probably cor- 
rect and therefore the caliph also, but the fabric 
was Asiatic not Egyptian. Mention of Misr in an 
Asiatic fabric gave the piece a new status which 
could best be determined by studying the influ- 
ences shown in Egypt by 


Asiatic techniques and 
vice versa, 


As we mentioned before, during the 
Abbasid period some Z-spinning appeared in Egypt. 
Krom A.b. 885 to 961 we had fourteen tiraz with 


Z-spun yarns. This seemed to show that Asia 


sent spinners to Egypt to specify the type of fabric 


to be woven. However, none of these fabrics were 
embroidered in an Asiatic manner. Therefore, 
the embroidery trade mark of each factory was 
apparently acceptable to the Abbasids provided the 
fabric was of the proper quality. In the middle of 
this period during the ‘caliphate of al-Muqtadir 
A.D. 908-932, when Shafi’ was Intendant of fac- 
tories both in Egypt and Asia, we have an Asiatic 
example of unglazed cotton (no. 73.649) (fig. 12) 
with the tiraz worked on counted threads in back 
stitch couching and flat stitch. This tiraz was 
“made by Muhammad ibn al-Mu‘alla” in a.p. 912- 
913 and we know he was Asiatic because he worked 


ee : 


Blessing from God to the Servant of 
From what has 
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“In the name of God, the Merciful, the Compassionate 
and praise to God, Lord of the Worlds, the Merciful, the Compassionate 
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God the King, the Manifest Truth 
Blessing from God and favour from 


God and felicity from God and protection from God and happiness to the Servant of God Dja‘far, the Imam. . . 


Before this text, evidently added late1 
dom.” 


his flat stitch over the wefts instead of over the 
warps. The same intendant evidently brought an 
\siatic embroidered to Tinnis, for no. 73.530 
(fig. 13) with the end of the text missing was em 
broidered in chain stitch on linen at Tinnis in 
..p. 919 and no. 33.35 from the Dumbarton Oaks 
Collection (fig. 14) with the end of the text in 
tact came from the same factory a year earlier 
The name of the craftsman, Harun (who did not 
follow the drawn thread exactly), appears at the 
end of the latter piece and probably appeared on 
ours originally. Under Shafi’, then, who super 
vised factories in Egypt and Asia, foreign work 
men in Egyptian factories or Asians copying 
Igyptian stitches, signed their work. 

Under Djabir, who followed Shafi’ in a.p. 934 
as Intendant in Egypt but not in Asia, Egyptian 
factories, while still making the embroidered pieces 
ordered from Asia also, began weaving inscrip 
tions in their own old tapestry craft using silk for 


the tapestry weft. By a.p. 945 the whole produc 


tion was tapestry woven, embroidered pieces be 
ing most unusual, 


Tapestry could not be woven 


3.531 in the factory at Tinnis, 
chent of the Commander of the Faithful 


, in red silk, are two words, of which the translation is 
Beneath the text, also in red silk, the signature : 


“(God's is the King 


“Made by Muhammad ibn al-Mur‘alla.” 


on the fragile cotton warp used in the Eastern 
Caliphate so the Egyptians may have been show 
ing their growing independence by using their own 
crafts. That their independence did grow before 
the conquest is proved by no, 73.6032 (fig. 15) 
made in A.v. 966 while the country was. still 
officially under the government of the Abbasid 
Caliph al-Muti‘. This three years 
before the conquest, already has the usual shi‘ite 
protocol and bears the name of the future Fatimid 
ruler al-Mu‘izz. 


tiraz, made 


In these circumstances, the men 
tion of Misr on an Asiatic fabric may well point 
A.D. 941/2 it was al 
ready so difficult to get embroidered tiraz from 
Kgypt that a factory in the East found it worth 
while to fake them. 


to the fact that as early as 


In this paper we have tried to show conclusively 
that ancient textiles to be used as significant his 
torical documents must be studied technically as 
well as historically. We that he 
cause the Textile Museum, as a routine matter, 
analyzed its acquisitions technically, this particular 


fabric was spotted immediately 


have shown 


as being out of 


. * 
#% . og} Hoy 


under the direction of Shafi‘, 
Year 307.” 
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lic. 14. Dumbarton Oaks No “(al-Muktadi)r billah, Commander of the Faithful, may Allah strengthen him 
What has been ordered by the vazir Hamid ibn al-‘Abbas to be made in the factory at Tinnis, under the direction 


of Shafi’, client of the Commander of the Faithful, year 309. Harun.’ 


73.632 


Fic. 18. No “In the name of the Unique God, the Merciful, the Compassionate. Assistance from God and 
speedy victory to the Servant of God and His friend Ma‘add Abu Tamin, the Imam al-Mu'‘izz li-din-allah, Com 


mander of the Faithful, God’s benedictions upon him. 


keeping with its text. (We can show the same 


results in other catagories, where a fabric does not 


fit with its pattern. For instance, a well-known 


Persian pattern of the ninth century turned up at 


The 
pattern was exact and had been passed by an art 
historian, but in this particular version the warp 
was one thousand years younger than the pattern 
woven upon it, since cotton was not mercerized 
commercially until the 1890's.) We have shown 
that when analysis found a dilemma, the fund of 
technical data at our disposal, gathered from a 
careful analysis of each fabric, allowed us not only 
to place this fabric in its proper workmanship 
group, but also to point out its probable role in 
the history of trade relations, as a significant docu 
ment in the chain of events culminating in the 
decline of 


the Museum on a mercerized cotton warp. 


\siatic and the upswing of Egyptian 
fashion in the Islamic World. For the data which 


Year 355.” 


allowed us to orient this textile gave us a graphic 
insight into the ebb and flow of people and cargoes 
which travelled on the trade routes connecting 
Marw, Baghdad, Bishapur, and the Egyptian cities 
of the Delta. From our own collection we have 
caught a glimpse of the type of craftsmen who came 
to Egypt from the East, when they came, and what 
they did there. We know some types of fabrics 
made in Egypt to be sent to Baghdad, and the 
periods at which this trade grew or declined 
Comparable data from more fabrics, together with 
literary sources, might well let us reconstruct a 
comprehensive history of this trade. 

We submit, therefore, that technical analysis 
of textiles, though a comparatively new field, is a 
practical one, and should be expanded into a prod 
uctive discipline, so that ancient textiles may be 
used with 
documents. 


assurance, as 


significant historical 





THE DEFECTS IN CRYSTALS 


C. G. SUITS 
Vice-President and Director of Research, General Electric Company 


(Read April 23, 1953) 


THE origins of metallurgy lie in antiquity, One 
of the early handbooks of metals was published in 
the year 1556 by Agricola, who described how to 
smelt the ores of tin, lead, iron, copper, antimony, 
silver, gold and mercury, and how to make crude 
alloys from them. The title page of Agricola’s 
De Re Metallica is shown as figure 1. Agricola’s 
smelter for cinnabar, an ore of mercury, is shown 
as figure 2. He leaves little to the imagination. 
B is a door, while C is a little window. The text 
explains the function of the trees within the smel 
ter. As the ore is roasted the mercury vapor rises 
and collects on the leaves as a silvery dew. When 


the chamber cools the leaves are shaken and the 
droplets fall and are collected. Apparently the 
efficiency of this condenser is not exceptional, for 
Agricola notes that one may observe the very 
sweet odor of mercury on the leeward side of the 
sinelter. In this event, he advises, go to the wind 
ward side, for people who smell too much mercury 
lose their teeth. His precaution was well taken, 
for it is now known that one part per million of 
mereury vapor in the atmosphere is quite poison 


GEORGIT AGRICOLAE 


DERE METALLICA LIBRI XII> QVIs 
bus Officta, Inftrumenta, Machine ,acomn.« denigy ad Metallis 
cam fpectantia, non modoluculenniffimeé defcribuntur , fed & per 
effigies, furs locis infertas ,adiunctis Latinis, a 


lanombus ita ob oculos ponuntur, ut danustradinon poflint. 
etrvsobeE MM 


DE ANIMANTIBVS svBTERRANE!S Liber,ab Autoreres 
cognitus:cum Indicibus diverfis, quicquid in opere eractatum eft, 
pulchrée demonitranubus, 


LOSED CHAMBER 


, 0 1S THROUGH THE 
WALLS. E—FURNACE IN THE ENCE D CHAMBER 


Fic. 2. Mercury smelter from Agricola’s 
De Re Metallica 


ous. In spite of occupational hazards then, and 

now, the results of successful metal working have 

been so important that people have been willing 

to go to great pains to achieve them, for metals and 

alloys pace material human progress. The prop 

BASILEAE Mp» D>» LVI> erties of metallic materials impart the ultimate 
lumit to the power of a steam turbine, the pressure 

Cum Priuilegio Imperatorisinannos v. of the boiler, the electrical output of the generator, 

& Gatharumn Regis ad Sexeoniom. the efficiency of the transformer, the thrust of the 

Fic. 1. Title page of Agricola’s De Re Metallica jet and rocket engines, the speed of the airplane, 
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and to a host of machines upon whose endurance, 
power, and capabilities modern mechanical civili 
zation relies 

The working of metals had become an impor 
tant and highly developed art before the advent 
of modern physical science. It has only been in 


relatively recent times that some of the important 
phenomena of practical metallurgy have been ex- 
plained in terms of fundamental concepts based on 
atoms and molecules. The primary progress in 
this direction has come from an application of new 


knowledge of the physics of the solid state of mat 


ter. It is too early to say that efforts in develop 


ing the basic understanding of fracture, deforma- 
tion, diffusion, grain growth, and similar phenom 
ena have been reflected in great advances in metal 
and alloy technology, but there is a justifiable ex 
pectation that this will be so, and substantial prog- 
ress can be noted. The great antiquity of the 


metal-working art and the complexity of the 


SUITS 


PROC. AMER. PHIL, SOC 
modern alloy technology have not made easier the 
erection of a scientific basis for metallurgy, for a 
great deal of back-tracking and re-examination of 
old established principles has been necessary. ‘The 
task of the metallurgical scientist has been some 
what analogous to that of the contractor who has 
had to put a new foundation under a very large 
and very ancient mansion. It would have been 
easier, and more logical, to erect a sound founda 
tion first, and build the house upon it subse- 
quently, if that choice had been available. The 
anachronism of the development of an art preced 
ing its science is by no means peculiar to metallurgy, 
but this field provides an exceptional illustration 
which is in strong contrast to some of the newer 
sciences. For example, nuclear science preceded, 
and still leads by a wide margin, the practical 
development of nuclear technology. 

Because of the historical circumstances sur 
rounding metallurgy, including the fact that its 


\ photomicrograph of the crystalline structure of two specimens of silicon steel 
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rHE 
practice had attained a great importance before 
any real science of metals was known, some careful 
scrutiny has been required to discern just where 
practice left off, and science began. Some con 
cepts that have been understood intuitively have, 
upon closer examination, been shown to involve 
basic fundamentals that were quite unclear, and 
not at all intuitive. As an example of a simple but 
very important property of metals, which until 
very recently has not been explainable in terms of 
basic concepts, consider tensile strength. Under 
sufficient tension a wire first stretches elastically 
like a spring, then it stretches plastically, and 
finally it From the pull, expressed in 
pounds, and from the cross-section of the wire, 
one can express the tensile strength in pounds per 
square inch. For lead, at room temperature, this 
number is approximately 3,000 pounds per square 
inch; for aluminum it may be 10,000 pounds per 
square inch; for copper 60,000; for iron, around 
100,000, for the strongest alloys, it is about 500, 
000 pounds per square inch. Now, let’s look at 
this important property in more detail. 

From the fact that all metals and alloys are 
crystalline solids one might seek an understanding 
of the strength of metals in terms of the properties 
of crystals. 


breaks. 


The photograph in figure 3 shows 
two specimens of silicon steel in which the crystal 
line character of the metal is readily apparent 
The crystals, which may be large or small, fit to 
gether and produce an interlocking structure, 
much like building blocks in a masonry wall. The 
example may be simplified if one considers single 
crystals rather than polycrystalline material for, 
by going to some trouble, it is possible to grow 
large single grains of a metal. This single-crystal 
metal, which of course cannot fail inter-granularly, 
is not stronger, but is much weaker, than the poly 
crystalline material. As a matter of fact, if the 
experiment is done with great care and with very 
pure metal the single-crystal strength is found to 
be almost zero. 

These puzzling results are not easier to under 
stand from a theoretical crystal structure point of 
view. The tensile strength of this pure single 
crystal, which has practically no strength, may be 
calculated by several methods, all of which lead 
to very high values. The calculation takes into 
account the known arrangement and spacing of 
atoms in the crystal lattice, and the known forces 


between them, and it is not immediately apparent 
why the calculation should not lead to a correct 
result. 


For aluminum as a typical case the com 
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lic. 4 Tensile strength of aluminum 


measured 
figure 4. 


and 
chart of 
shown to have a 
strength of a few hundred pounds, but if the ex 
periment is done carefully it may be much lower. 
Polycrystalline, but unalloyed, pure aluminum 
may have a strength of 7,000 pounds per square 
inch, while the best aluminum alloys 
strength of 75,000 pounds per square inch. Note, 
that the calculated strength of pure 
single-crystal metal is over a half million pounds 
per square inch! 


these calculated 
quantities is shown in the 
Single-crystal 


parison between 


aluminum = is 


show a 


however, 


This failure to account for crys 
tal strength is not confined to the case of single 
crystals of aluminum; no other single crystals of 
metal or other substances appear to be substan 
tially better in this respect. 

The difference between calculated and meas 
ured values is particularly disturbing, because con 
cepts of crystalline regularity, as related to struc 
ture, phase change, solidification, grain growth, 
deformation and a host of important phenomena, 
are fundamental to metallurgical science. In fact, 
the growth of the modern science of metallurgy 
can be traced to the origin of the crystal concept, 
yet, in its application to strength, it fails by a wide 
margin to account for this property. Of 
course, the failure of the crystal concept to explain 
strength does not, in any way, detract from its suc- 
cess in explaining quantitatively many other im 
portant properties of metals, such as specific heat, 


basic 


thermal expansion, compressibility and energy of 
formation, all of which depend upon average prop 
erties of a crystal lattice. However, strength is 
an exceptionally important property of metal crys 
tals; so much so that serious attention has been 
directed to a study of this question in. recent years 
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A clear outline of a quantitative picture of these 
phenomena may now be seen. 

The case cited, and others which could be men- 
tioned, have emphasized the quantitative difficul 
ties of the crystal concept in its application to some 
mechanical problems in the study of metals and 
alloys, and have focused attention in recent years 
on the defects in crystals. Pioneering work on 
this problem has been done by F. C. Frank and 
N. F. Mott at the University of Bristol, by A. 
Cottrell at Birmingham, at the University of Ili 
nois by F. Seitz, at Stuttgart by Kochendorfer, at 
the Bell Telephone Laboratory by Thornton Reed 
and at the General Electric Research Laboratory 
by J. H. Hollomon, J. C. 


workers. 


Fisher, and their co 


The crystal defects which explain these mys 


teries of crystal strength and crystal growth are 
generally not gross defects of structure, visible to 
the naked eye, but are more subtle departures 
What 
had been somewhat overlooked these many years 
is that the crystal lattice is only a model, and prac 


from atomic regularity, on an atomic scale. 


tical crystals must contain many defects, one of the 
simplest of which is an impurity atom. An im 
purity of one part per million, which is seldom at 


tained with metal crystals, would still permit 10'° 


Fic. 5. Bubble model of crystalline defects 
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unpurity defects per cubic centimeter. The con 
tribution of one impurity atom per million to spe 
cific heat, or to other crystal properties which de- 
pend upon an average effect of lattice elements, 
obviously will not be of much consequence. How 
ever, crystal strength is an example of a property 
that is extremely sensitive to defects. A valu- 
able tool in visualizing such defects has been a spe- 
cial kind of a bubble model of crystals, first em 
ployed by Sir Lawrence Bragg. In this ingenious 
experiment, shown in figure 5, bubbles of uniform 
size represent atoms in a crystal lattice; their ar 
rangement and behavior simulate to a remarkable 
degree the perfection and imperfections of actual 
cry stals. 

A simple defect may be imparted to an other 
wise regular lattice by an impurity atom or by a 
vacant lattice position; more complex defects in 
volve more or between 
All such 
defects and dislocations may prodtice local lattice 
strains and distortions of substantial numerical 
magnitude, which have not been taken into ac 
count in calculations based on the strength of per 
iect crystals, and hence are believed to be account 
able for the practical departures from perfect crys 
tal properties. 


less extensive mismatch 
rows and planes of the crystal structure. 


Some calculations have been car 
ried out recently in our laboratory, Dr. John 
Fisher, to determine in detail the quantitative effect 
of some typical lattice defects on tensile strength. 
lor the case of alpha brass they show that the 
magnitudes involved are sufficiently large to ac 
count fully for the experimentally observed tensile 
strength of the actual crystalline material. This 
recent work has, for the first time, made possible 
a quantitative understanding of this most impor 
tant property of crystals. It would be difficult to 
overestimate the value of this work, for it seems 
certain that great progress may be expected from 
a full development of current studies of crystal 
defects. 

The study of the growth of crystals ¢ias pro 
vided a particularly good opportunity to observe 
the role of defects and dislocations. When crys 
tals are grown from solution it is observed that 
the growth rate may vary widely from one crystal 
to another of the same chemical composition, and 
this difference can be explained by the relative 
abundance and character of the dislocations pres 
ent. A particularly important defect in this case 
is the lattice displacement known as an edge dis 
location. This defect arises from the displacement 
of many layers of atoms relative to their neighbors, 
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on a line perpendicular to a plane of the lattice 
Consider the function of this edge dislocation in a 
crystal experiencing growth from a supersaturated 
solution. Atoms from the solution migrate to the 
crystal where they are held by surface forces, 
but these are particularly weak on an atomi 
cally smooth plane of a perfect crystal. In the 
neighborhood of the edge dislocation, by virtue of 
the geometry, these forces are very much greater, 
with the result that practically all of the erystal 
growth phenomena take place at these points. 
The abundance or scarcity of such defects can thus 
account for a vastly different rate of crystal growth 
in different crystals of identical chemical composi 
tion, the most perfect crystals experiencing the 
slowest growth. 

The relationship between an edge dislocation, 
and its geometric result—a spiral growth pattern 
was first recognized theoretically, by F.C. Frank 
at the University of Bristol. The first observa 
tion of such a spiral, after Frank’s prediction, was 
made by L. J. Griffin on a erystal of beryl from 
the British Museum. <A. J. Forty of Bristol first 
observed the spiral growth process with cadmium 
iodide. It will be seen that crystal growth around 
the edge dislocation leads to a spiral growth pat 
tern, and when this was first realized, many natu 
ral and artificial crystalline materials were scruti 
nized for growth spirals. Such patterns have 
been found in many substances in addition to cad 
mium iodide; for example, natural graphite, silicon 
carbide, gold, silver, magnesium, paraffin and 
beryl, from which it must be concluded that the 
edge dislocation is a practically important type of 
defect that is involved in many crystal phenomena. 
Some particularly striking growth spirals are 


found on ordinary commercial silicon carbide crys 


tals of the kind employed for industrial grinding 
and abrasive purposes. Although pure silicon car 
bide is a clear transparent substance, the material 
produced in the industrial electric furnace has a 
bluish-black sheen due to surface interference 
colors, by virtue of which the growth spirals are 
revealed in a striking manner. A photograph of 
silicon carbide growth spirals taken by Dr. Hub 
bard Horn of our laboratory is shown as figure 6. 


1 Some pictures of this interesting experiment taken in 
our laboratory were shown at the meeting, together with 
motion pictures of the growth of cadmium iodide crystals 
by means of growth spirals and color photographs of 
growth spirals on the surface of silicon carbide. 
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THIs paper ' is not presented as a criticism of 
scholars and art historians whose ,methods deal 
with historical facts derived from the traditional 
sources of learning. Their contributions in the 
field of paintings have been vast and they have 
placed students of history of art in everlasting 
debt. Present knowledge of the western world’s 
artistic production and personalities would have 
been impossible without the scholarship of such 
men. Their learned works are 


bro vad in Sc¢ ype 


and wisdom, and their connoisseurship of the eye 


has been deeply perceptive. This paper will at 
tempt to deal with the physical aspects of paintings. 
It is based on the thought that since a work of art 
is a visual experience it can be analyzed visually 
and that modern comparative photography can 
contribute valid information regarding its physical 
make-up, its condition and its authenticity. 

The writer does not imply that the use of photo- 
graphs in the study of paintings is new. They 
have played an important role in recording works 
scattered over the world. For the most part, how- 
ever, those photographs represented only one as- 
pect of the painting under study. They consisted, 
in the early days, of prints made from ortho- 
chromatic films which, because of their limitations 
in properly recording color values, were often de- 
ceptive. Later the panchromatic film was _per- 
fected permitting balanced negatives with respect to 
color values. The importance of enlarged sections 
from these negatives was early realized but their 
usefulness was limited because “grain” began to 
The photo 
macrograph, the value of which was demonstrated 


show in enlargements of great size. 


1 The several problems presented here have resulted 
from studies carried on at the Philadelphia Museum of 
Art in collaboration David Technical Ad 
visor of the Museum. The writer wishes to acknowledge 
his debt to Mr. Rosen in the matter of assembling the 
photographic material used and in conclusions 
concerning it. Mr. Rosen has also given invaluable as- 
sistance in the preparation of this paper 


with Rosen, 


reaching 
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by Laurie,’ is a slight magnification directly on 
the photographic film. With the use of fine grain 
developers these magnified images may be en 
larged still further with little or no loss through 
“grain” and the resulting prints become extremely) 
effective in recording conditions frequently over 
looked or forgotton in visual examination under a 


glass. 


EXAMINATION BY INFRA-RED, X-RAY, AND 
ULTRA-VIOLET RAYS 

In recent years infra-red photography * has 
been utilized to record subsurface conditions in- 
visible or scarcely visible to the naked eye. Such 
photographs often reveal repainted areas, modifi- 
cations made by the artist in developing his theme, 
and at times even show the basic linear structure 
or drawing of a painting. The remarkable results 
obtainable from infra-red photography may be 
judged by comparing figure 1, which shows a 
Flight into Egypt by Lucas van Gassel (ca. 1480 
ca, 1570) as recorded by panchromatic film, with 
figures 2 and 3, infra-red photographs * of the 
same picture. In figure 2 the artist’s drawing of 

? Laurie, A. P., La microphotographie appliquée a l’étude 
de la technique de Rembrandt et de son école, Mouseion 
15: 5-7, 1931; Laurie, The brushwork of Rembrandt and 
his school, London, Milford, 1932. 

8 Coremans, P., Les rayons infra-rouges, Brussels Mus. 
Roy. Bull. 10: 87-91, 1938; Keck, Sheldon, A use of 
infra-red photography in the study of technique, Tech 
Stud. 9: 145-152, 1941; Lyon, R. Arcadius, Infra-red radi 
ations aid examination of paintings, Tech. Stud. 2: 203 
212, 1934; Marceau, Henri, and David Rosen, Daumier 
Draftsman-painter, Walters Jour. 3: 9-41, 1940; Rawl- 
ing, S. O., Infra-red photography, London, Blackie, 1933 

* These photographs were made with 5” * 7” Eastman 
infra-red sensitive film, Wratten no. 89 jet black filter, 
3200 Kelvin lights, 12’ Dagar lens, f 16 opening. Ex 
posure time was about 16 times the meter reading for the 
emulsion speed of panchromatic films. The infra-red 
technique also admits of direct enlargements on the film 
It is possible to extend further the legibility of the record 
by making two prints from the same negative—a short 
exposure for the dark areas of the print and a longer ex- 
posure for the light areas. 
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Lucas van Gassel: light into Egypt. Panchromatic photograph 


sl ae 


Lucas van Gassel: Flight into Egypt. Infra-red photograpl 





HENRI 


‘en 


MARCEAU 


PROC. AMER. PHIL. SOC. 


os 


lic, 3. Lueas van Gassel 


the distant mountains and village at the upper 
right becomes visible; and in figure 3 we see a 
modification in composition of the middleground 
the group of horsemen having been drawn over 
the earlier indications of a gabled house. In the 
finished picture this house has been shifted a little 
higher and to the left of its original position. 
Modifications of this nature, when they are found 
repeatedly in the production of a painter, indicate 
characteristic work habits and serve as guides to 
recognition of the artist’s hand, 

The value of the X-ray shadowgraph in the 
study of paintings has been fully demonstrated by 
investigators in many countries and an impressive 
libhography ° concerning the technique of making 

® Boissonnas, H., La radiographie et le controle de lau 
thenticité des tableaux, Mouseion 35-36: 139-143, 1936; 
surroughs, Alan, Art criticism from a laboratory, ch, 7-8, 
Soston, Little, Brown, 1938; Burroughs and Robert H 
Morris, X-rays in the study of paintings, Photo Technique, 
36-38, Oct. 1941; Coremans, P. B., Van Meegeren’'s faked 
Vermeers and de Hoogh’s, London, Cassell, 1949; Elliott, 
William J., The use of the roentgen ray in the scientific 
examination of paintings, Amer. Jour. Roent. 50 (6) ; 779 
790, 1943; Keck, Sheldon, 4 technical examination of 
paintings, Brooklyn Museum Press, 1941; Keck, The tech- 


[light into Egypt 


Infra-red detail 


and interpreting X-ray shadowgrapilis is available. 
The technique has many positive advantages and 
certain limitations.* On the positive side it af- 
nical examination of paintings, 
1942; King, Edward S., Stuart’s last portrait of Washing- 
ton—it’s history and technique, Halters Jour. 9: 81-96, 
1946; Kurz, Otto, Fakes—a handbook for collectors and 
students 22-27 New Haven, Yale, 1948; Marceau, Henri, 
and David Rosen, A study in the use of photography in 
the identification of paintings, Tech. Stnd. 6: 75-105, 1937; 
Pease; Murray, A note on the radiography of paintings, 
Vet. Mus. Bull. 4: 893-898, 1946; Rawlins, F. Ian G., 
Physical factors in x-ray photographs, Tech. Stud. 7: 
73-79, 1938; Rawlins, X-rays in the study of pictures, 
Brit. Jour. Radio. 12: 239-245, 1939; Rosen, David, and 
Julius S. Held, A Rubens discovery in Chicago, [alters 
13-14: 77-91, 1950-1951; Weil, Adrienne R., Etude 
aux rayons x de l'hétérogénéité des préecipitations dans un 
alliage or-argent-cuivre, Studies in Conservation 1: 31-38, 
1952; de Wild, A. Martin, The sctentific examination of 
pictures ch. 8, London, Bell, 1929; Wilde, Johannes, 
L’examen des tableaux a l'Institut Holzknecht de Vienne, 
Vousecion 16: 18-25, 1931; Wolters, Christian, Die Be- 
deutung der Gemialdedurchleuchtung mit Réntgenstrahlen 
fiir die Kunstgeschichte, Frankfurt, Prestel, 1938. 

® Bauer, Victor, and Helmuth Rinnebach, L’examen des 
peintures aux rayons-x. Son importance et ses limites, 


Vouseion 13-14: 42-69, 1931 


Brooklyn Jour., 71-82, 


Jour 





VOL, 97, NO. 6, 1953] 


fords a clear record of the location and extent of 
pigment losses and indicates facts concerning can- 
vas or panel structure and condition. It records 
changes made by the artist (fig. 4) in developing 
his final design, repainting executed by restorers 
and the presence of hidden paint films which oc- 
cur when painted supports have been re-used 
(fig. 5). It cannot be denied that such evidence 
is of prime importance in the field of restoration 
and that it may furnish clues to authorship. In- 
deed, in the celebrated trials of Otto Wacker, the 
wholesale creator of van Gogh-like pictures, evi- 
dence * assembled by means of X-ray photography 
was admitted in both trials and proved invaluable 


lic. 4. Jerome Bosch: Adoration of the Magi. 


X-ray detail 


7 Wehlte, Kurt, Zum Wacker-Prozess in 2 
Kunst-u. Wirtsch. 13: 207, 1932; Wehlte, Die maltech- 
nische ROntgenographie im Prozess um die van Gogh 
Falschungen, AKunst-u. Wirtsch. 14: 7-12, 1933. In the 
first trial six shadowgraphs were presented and thirty 
four were used in the second trial. Characteristics of 
brush strokes, crackle of the paint films and the weave of 
the canvas were demonstrated. 


Instanz, 


It was found, for instance, 
that the forger’s canvas was of close weave 
fine grade of linen whereas authentic 


indicating a 
paintings by van 


Gogh were painted on cheaper canvas of coarse weave 
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Mic. 5. Gustave Courbet: Une Dame Espagnole. X-ray 


in securing conviction. On the negative side we 


must admit that, unlike the X-ray examination of 


humans where the basic admits of a 


fairly uniform technique, the unpredictable inner 


structure 


structure of paintings introduces elements of un 
certainty as to radiographic technique and thus 
may X-ray 
In other words, X-rays can 
not serve as a miraculous and unfailing substitute 


lead to a situation where 


evidence 
must be discarded 


for knowledge, taste, and the all-important sense 
of what constitutes a work of art 

While on the subject of radiography, it seems 
appropriate to mention the mooted question con- 
cerning the possible damage to paintings resulting 
from exposure to X-rays. This question was ac 
tively argued in Germany in 1928 and was the 
subject of articles by proponents of both views 
The controversy was brought to focus in 1936 by 


\lbert Weigel’s * 


claim that certain pictures in the 


State Picture Gallery at Kassel had been perma 
nently damaged by exposure to X-rays, 


Helmuth 


®’ Weigel, Albert, Die Geréntgten Rembrantgemalde der 
Staatlichen Gemaldegalerie Kassel, Tech. Mitt. Malerei 
52: 3-6, 1936 
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Kinnebach * and Kurt Wehite '’ have convincingly 
demonstrated that the exposure required for radio- 
graphic examination causes no damage to paint 
films, oils, or varnishes. Although this view has 
been generally accepted, doubts still find expres 
sion among private owners and an_ occasional 
dealer. Public institutions: interested in assem 
bling factual data have long accepted X-rays as 
both safe and useful. 

Other visual tools include photography under 
ultra-violet rays '' and the raking light or critical- 
angle photograph. The first of these is only oc- 
casionally effective in the study of authorship be 
cause the protective coating of varnish, present on 
most paintings, has a fluorescence of its own un- 
der ultra-violet rays thus causing a clouding of 
the paint film. So far, ultra-violet ray examina- 
tion has yielded its best results in the study of 
solid objects and as an aid to the restorer after 
he has removed the varnish from a painting and 
exposed the paint film. At this point ultra-violet 
rays will indicate the presence and extent of re 
painting. The raking or critical-angle photograph, 
made by using one source of light placed at a 
sharp angle to the subject, contributes to the study 
of surface textures of paint films, canvas, or other 


supports. These details are normally visible to 


the naked eye but the critical-light photograph can 
greatly exaggerate and record surface textures for 
purposes of comparison. 


A BURGUNDIAN PANEL 


The first problem to be explored by the photo- 
graphic method concerns a small panel '* ascribed 


® Rinnebach, Helmuth, Zur 
Gemalden durch 
52: 55-60, 1936 

10 Wehlte, Kurt, Untersuchungsergebnisse tiber dic 
Frage von Rontgenschaden an Gemalden und ihre prak 
tische Bedeutung, Tech. Mitt. Malerei 52: 175-178, 1936 

't Kibner, A., Les rayons ultra-violets appliqués a 
examen des couleurs et des agglutinants, Mouseion 21-22 
32-68, 1933; Lyon, R. Arecadius, Ultra-violet rays as aids 
Tech. Stud. 2: 153-157, 1934; Rorimer, 
James J., Ultraviolet rays and their use in the examination 
of works of art, N. Y., Metropolitan Museum of Art, 1931 

12 Barnes, Albert C., and Violet de Mazia, I’rench 
Primitives and their forms, 82, note 8, 466-471, 469 repr., 
Merion, Barnes Foundation, 1931; Soria, Martin S., Letter 
to Connoisseur 117: 128-129, 1946, notes Belle da Costa 
Greene as first to question authenticity of this panel, call 
ing it the work of the “Spanish Forger;” Valentiner, 
W.R., Catalogue of a collection of paintings and some art 
objects 3: 262 repr, no. 760, Philadelphia, 1914. Water 
color ? on pine, H. 12'4%” & W. 8%" including the frame 
which is attached to the face of the panel 
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6. Attributed to Burgundian Artist c. 1450: 
trait of a Young Lady of Sixteen 
photograph. 


Por- 


Panchromatic 


to an anonymous Burgundian artist and dated in 
the neighborhood of 1450. It represents a young 
lady attired in Burgundian headdress and décol- 
letage of about 1440-1450 (fig. 6). She faces to 
our left and holds a falcon in her right hand. The 
arms displayed at the upper left denote her royal 
rank.and her age is recorded on the scroll— 
Aetatis Suae XVI. This portrait is related in 
most startling fashion to a picture (fig. 7) in the 
Stoclet Collection, Brussels, which has been 
wrongly identified '* as the portrait of /sabeau de 
Baviere, wife of Charles VI of France. 
Comparison of figures 6 and 7 indicates that, 
aside from variations in scale and details of cos 
tume, the drawing of the features and the drawing 
and slope of the head and neck in both pictures 
are identical but in reversed sense. Indeed, these 
details, when brought to the same scale photo- 
graphically and super-imposed, match almost line 
for line. It may be seen that the flesh areas in 
both pictures exist in terms of their linear struc- 


18 Burl. Mag. 36: 157, 315, 1920; 37: 57, 112, 1920. 
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ture, modeling being reduced to slight hatchings 
which fail to produce a painterly illusion of third 
dimension, It is also apparent that the treatment 
of costumes is linear in character, the decorative 
motifs of the several materials being drawn in flat 
patterns of almost equal size and value with little 
effort to create solid form through perspective and 
modeling. 
©), 


The latter, where it exists at all (fig. 
is restricted to shadings along the edges of 
lines marking folds of the headdress. This method 
of delineation is precisely that found in figured 
tapestries of the fifteenth and early sixteenth cen- 
turies (fig. 8). In this detail '! we recognize the 
same linear method of portraying features, similar 
shading along structural lines, and the use of flat 
patterns of decoration with little or no perspective 
to establish depth in space. 


14 Reinach, Salomon, La 
Paris, Demotte, 1924 


tapisserie gothique, pl. 8&1, 
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Fic, 8. 


sixteenth 
Detail. 


Brussels, early century: Tapestry. 


Let us next examine the shadowgraph (fg. 9) 
of the Portrait of a Young Lady of Sixteen. In 
a panel of this period one would expect the shadow 
graph to register some trace of the painted sur 
face. The pigments, either in tempera or in mixed 
oil and tempera medium, should possess sufficient 
density to intercept X-rays in some degree and 
produce shadows consistent with the composition. 
Our shadowgraph fails to do this but it instead 
records a heavily crackled condition which must 
he independent of the painted surface and there- 
fore must exist in the ground itself. Granting for 
the moment that the paint film is genuine but un 
usually thin and transparent to X-rays, we must 
still account for the character of the crackle pattern 
in the ground. The cleavages are deep and extend 
to the wooden support. The separations are not 
uniform in character but are interrupted by nu- 


merous discolorations presumably cast by old 


losses and fillings made with materials of varying 


densities. These repairs should normally extend 
to the painted surface and be visible as repainted 
areas. Examination of the painted surface fails 
to locate such areas and we must conclude that 
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the ground was damaged and _ filled before the 
painting was executed. Since we are dealing with 
an unusually thin paint film, it is apparent that 
the crackle visible on the picture itself (fig. 11) 
was induced by the shrinkage of the ground. If 
we compare this condition with that existing in 
figure 10, a portion of a panel by Giovanni di 
Paolo,'® we note that the crackle pattern lies in 
the paint film itself and does not extend beneath 
it to the denser gesso ground. Indeed, in the 
small damaged spot at the top of the halo the 


crackle pattern is broken and a relatively smooth 


15 Berenson, Bernhard, Catalogue of a 
paintings and some art objects 1: no 


1913 


collection of 
105, Philadelphia, 
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Portrait of a Young Lady of Sixteen. 
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X-ray detail 

bit of the yesso is seen below. To illustrate this 
point further it may be said that the fine crackle 
in the paint films of old panel pictures resembles 
the crazing of porcelain surfaces in which the 
pattern of fine cracks exists in the glaze and does 
not extend to the support upon which it has been 
placed. 

Photomacrographs (figs. 11 and 12) of our 
panel also yield conclusive evidence. Figure 11 
shows the nature of the brush strokes used in 
building the flesh tones of the face and neck. 
These strokes consist of hatchings and scumbles 


lacking in functional character and serving only) 


to “fill in” the spaces confined within the drawn 
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Giovanni di Paolo: Christ Carrying the Cross. Panchromatic detail 


outlines of the forms. Figure 12 shows the heavily 
crackled paint film discussed earlier. Most sig- 
nificantly it also indicates that the painted outlines 
<over and extend down and between the separa 


tions of the crackled ground. It is logical, as 


suming a common date for the ground and paint 
film, that the latter should be interrupted at all 


points of separation and that failing in this we 





Portrait of a Young Lady of Sixteen. Panchromatic detail 
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Portrait of a Young Lady 


must conclude that the pigments were spread over 
a previously crackled surface. 

We have assembled a nutnber of facts concern 
ing the panel under discussion : 


(a) It bears a strange resemblance to the pic 
ture in the Stoclet Collection. 
follows that 
found in tapestries of the fifteenth and early six 
teenth centuries. 


(>) Its drawing and modeling 


(c) Its gesso ground bears evidence of repairs 
pre-dating the painted surface. 

(d) The crackle pattern exists within the body 
of the gesso ground instead of residing within the 
plane of the paint film. 

(e) The system of hatching in the flesh is weak 


and without functional meaning 


PAINTINGS 


Panchromatic detail 


of Sixteen. 
(f) The paint covers the crackle, filling its sepa 
rations contrary to logic. 


Krom the above observations we are justified 
in concluding that the Portrait of a Young Lady 
of Sixteen is not an authentic painting of the mid 
fifteenth century but an imitation of such a work 


We have 


and doubtless contrived as a deception.'® 


lhe physic al 
state prec isely 


make-up of this panel is difficult to 
We are indebted to Rutherford J. Gettens 
of Harvard University for the following information re 
sulting from microchemical analysis of specimens taken 
from the gold ground, the 

Id 


y 
goid 


pigment and the grourd, The 
is not continuous in structure but under 
tion appears as tiny 


magnifica- 
homogeneous in_ size 
It definitely appears to have been applied as a gold powder 
and not as gold leaf. The 


flakes quite 


pigments are extreme'y thin, 
finely divided and homogeneous and, despite their thin 
they 


ness, seem to possess high tinctorial powers The 
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not had an opportunity of examining the alleged 
portrait of /sabeau de Baviére in the Stoclet Col- 
lection and consequently are not prepared to state 
an opinion on its origin. 


DAUMIER’S TECHNIQUE 

Our next problem in authenticity concerns one 
of the numerous versions of the Third Class Car- 
riage '* by Honoré Daumier. The subject is re- 
produced (fig. 13) as recorded by panchromatic 
film and as seen on infra-red sensitive film (fig. 
14). We begin our case by stating that the pic- 
ture under study is not an autograph work of 
Daumier although it has appeared in monographs 
along with authentic pictures of this artist and 
has been accepted as his work by some critics. 
To prove this contention let us compare the ques- 
tioned picture with known and universally ac- 
cepted works of Daumier and see whether, on the 
one hand, we can discover this artist's method of 
painting and, on the other, whether our doubtful 
picture fits into the Daumier work-pattern in any 
acceptable sense. 

The first picture we shall use as a standard of 
comparison is the celebrated Third Class Car- 
riage ** belonging to the Metropolitan Museum of 
Art (figs. 15 and 16). This masterpiece of 
Daumier’s art, because of its unfinished state, 
offers a unique opportunity to examine the ar- 
tist’s method of drawing and painting with the 
opaque oil medium: a medium as foreign to his 
temperament as it was strange to his training and 


ground is divided into three distinct layers, i.e., the lowest, 
consisting of calcium sulphate and glue (gesso), then a 
yellowish layer of lead white and finally a dead-white 
layer of lead white, both being bonded with glue. The 
two upper layers are firmly attached whereas they cleave 
quite readily from the lower layer of gesso, a fact which 
suggests that they were applied at a later time. In one 
cross-section through the lead white layers, Mr. Gettens 
found particles of decayed wood suggesting that the 
panel “was already old when the lead white was applied 
and that it was in such a decayed condition that particles 
from its surface could easily be swept into the lead white.” 
Mr. Gettens concludes, “Although none of the pigments 
or other materials in this picture can be definitely stated 
to be anachronistic to the period which the painting is said 
to represent, they are in general much more finely di 
vided and homogeneous than one would expect to find 
for that time E 

1? Fuchs, Eduard, Der Maler Daumier, no. 283, pl. 283, 
Munich, Langen, 1930. The painting is oil on canvas, H 
125" x W. 16%” Formerly in the H Fiquet collection, 
Paris 

18 Oil on canvas, H. 25%" * W. 35%,". For a bibliog 
raphy on this picture see no. 5, exhibition catalogue 
Daumier, Philadelphia, Pennsylvania Museum of Art, 1937. 
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experience—a medium which he never quite un- 
derstood and failed in the end to master.’® An 
infra-red photograph of the Metropolitan’s Third 
Class Carriage (fig. 16) fully demonstrates 
Daumier’s approach to oil painting and his method 
of building pictures over a carefully drawn and 
functional framework of lines. During the years 
prior to 1848 he had worked exclusively as a 
draftsman in black and white, in water color and 
in lithography, and his works in these fields were 
unique in their day as masterpieces of graphic art 

-leep in meaning, shrewd in observation and un- 
equalled for their knowledge of the anatomy of 
facial expression, gesture and pantomime. But 
when this great master aspired to be a painter he 
found to his distress that oil paint is opaque and 
that in the course of its manipulation his carefully 
drawn outlines vanished. He tried to overcome 
the handicap by using transparent glazes, by re- 
drawing whenever necessary and thus slowly 
huilding solid forms in terms of paint alone. It 
was a difficult and indirect method and explains 
the large number of unfinished pictures we associ 
ate with Daumier’s name—pictures in which the 
basic structure of outlines is still visible and which 
many imitators have accepted as finished works 
without realizing that the structural lines were em 
ployed by Daumier only as a means to an end and | 
not as adjuncts to his final expression. 

This all-important fact is emphasized by ex 
amining figures 17 and 18. The first is a pan 
chromatic detail of the central figure of the Metro 
politan’s Third Class Carriage while the second 
shows the same detail by infra-red photography. 
In the panchromatic reproduction the structural 
lines are seen partially covered by thin glazes in 
the process of converting a linear expression into 
a plastic reality. Here and there, in the head, the 


arms, the basket, outlines have been preserved as 


points of future reference. The infra-red detail 
(fig. 18) exposes the entire fabric of structural 
lines as it existed prior to glazing and indicates to 
us that the glazing at this stage was relatively 
thin. We should further notice in figure 18 that 
Daumier’s drawn indications of the figures are 
not confined to the outer edges of major forms but 
extend within these to define and control details 
such as hands and their fingers, the position, size, 
and slope of nose, eyes, mouth, cheekbones, and 


the disposition of the drapery. In details from the 


19 For a discussion of Daumier’s technique see Marceau 
and Rosen, 1940; also the exhibition catalogue Daumier, 


11-17, 1937 





1c. 13. Imitator of Daumier: Third Class Carriage. Panchromatic photograph 


Imitator of Daumier: Third Class Carriage. Infra-red photograph 
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Honoré Daumicr: Third Class Carriage. Panchromatic photograph. 
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Daumier: Third Class Carriage. Infra-red photograph 
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Daumier: Third Class 


Panchromatic detail 


Honoré Carriage. 


water color drawings La chanson a boire *" (fig 
19)*! we observe the same strong linear skeleton 
to define and place all elements in the design. 
In this case, however, Daumier is working in 
the transparent and friendly medium of water 
color and his washes serve to develop and realize 
forms without destroying the meaning and power 
of the lines. It is obvious that the artist 1s master 
of this medium and that he has invented a logical, 
effective and highly personal pictorial convention. 

Sefore comparing our questioned picture with 
authentic examples discussed above, let us examine 
two additional oil paintings by Daumier, One of 
these (fig. 20) is a detail from the famous Le 
malade imaginaire ** in which Daumier has em- 
ployed heavy outlines to confine the head of the 
doctor’s assistant. These lines are actually laid 
over the glazed tones of the background and are 
heightened here and there by lighter washes to pro- 
duce an extraordinary illusion of reality and drama, 
But this device, however effective, was only a state 
or stage in the development of the finished picture 

0 Fuchs, op cit., no. 216, pl. 216 

"1 Tbid., no. 199b, pl. 199) 

22 [bid., no. 128, pl. 128 
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Honoré Daumier: Third Class Carriage. 


Infra-red detail 


it was Daumier’s method of recapturing and re 
stating forms lost beneath layers of paint. In the 
Head of a Woman * (fig. 21) Daumier has made 
use of an old painted canvas, has resized its surface 


and has drawn the outlines of a new composition. 
Our cross-light photograph indicates that these are 


structural lines—lines to guide and to control the 
In other words we stand before 
the “working drawing” for a painting in which 
Daumier has declared his intentions in broad terms 
but which, for reasons’ unknown to us, he was un 


glazes to come. 


willing or unable to carry beyond the preliminary 
stage. The Head of a W’oman may not rank at 
the top’of Daumier’s production as a work of art 
but as a document illuminating his method it is of 
prime importance. 

Figures 13 and 14 mentioned earlier are pan 
chromatic and infra-red photographs of the ques 
tioned Third Class Carriage. Here we are dealing 
with an entirely different technique. These photo 
graphs are basically the same, the latter revealing 
none of the tentative, structural framework found 
in Daumier’s autograph works. The painter of 
this picture has used thick, opaque pigment and has 


Ibid., no. 10, pl. 10. 





700 HENRI 

drawn with it directly on the canvas. The broad 
masses and weights have been stated in the painter's 
language of contrasting tonal values, and the areas 
of pigment serve as ends in themselves to suggest 
the drawing of the heads, hands and the shapes of 
the figures. Having covered the canvas in this 
manner the artist returned to the profiles and ac- 
cented these with the dark painted outlines so 
characteristic of Daumier’s system. These lines, 
however, lack structural meaning because they do 
not extend “within” the forms but merely “out- 
line’ them. Thus the heads and hands remain 
rather meaningless applications of pigment without 
character and without inner living form. This is 
true of the hands of the two principal figures where 
the artist has failed to resolve the question of scale 
and has evaded difficult problems, in drawing, 
problems which Daumier handled with knowledge 
and precision in his Third Class Carriage. Figure 
14 is especially effective in separating the “painted” 


Fic. 19 


MARCEAU 


Honoré Daumier: La chanson a botre 
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and the “drawn” portions of our questioned pic- 
ture and in showing that these are structurally 
unrelated and that the outlines add nothing of 
value beyond their questionable use as decoration. 

X-ray shadowgraphs of paintings by Daumier 
fall into two main groups. 


In the first we may 
place those pictures where, because of the thin 
ness of the glazes and the absence of dense pig- 
ments such as lead white, the shadows are faint or 
totally absent. The second group includes works 
in which dense pigments have been used or glazes 
have been sufficiently built up to intercept X-rays. 
The finished pictures fall in this category with few 
exceptions. One such is the unfinished Head of 
a Woman, the shadowgraph of which (fig. 22) 
shows an earlier and typical Daumier composition 
of spectators sitting in a theatre box. The light 
areas of the shadowgraph represent a succession 
of heads, and it is apparent from their indistinct 
outlines that much shifting and repainting took 


Panchromatic detail 
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20. Honoré Daumier: Le malade imaginaire. 
Panchromatic detail 


place before the composition was abandoned and 
the canvas prepared for reuse. We must also note 
that the outlines of the /7ead of a W’oman are not 
recorded because of their thinness and low den- 
sity. It is interesting to mention in passing that 
the //ead of a Woman was at one time questioned 
as a work by Daumier, a view no longer held on 
the basis of the evidence furnished by our shadow- 
graph. Figure 23, typical of his finished or nearly 
finished works, represents Le malade tmaginaire 
previously discussed in part. This shadowgraph 
records the thin glazes in the regions of the cos- 
tumes, the shifting and redrawing of the hands 
and the changes in outline and position of the 
heads. l-verything we have observed earlier re- 
garding Daumier’s oil technique is confirmed in 
this remarkable document of a great artist's 
struggle to master a strange and stubborn medium. 
The figure of the doctor's assistant, at the ex- 
treme left of the picture, does not register here 
because, as we have seen, it is a fleeting ghost 
figure of drawn lines over dark glazes, not yet 
given its final position in space. 

Let us now study the X-ray of our questioned 
Third Class Carriage (fig. 24), bearing in mind 
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Fic. 21. Honoré Daumier: Head of a Woman 


light photograph. 


Cross 


the general appearance of shadowgraphs of au 
thentic pictures by Daumier. In the X-ray before 
us we sense a state of confusion and lack of con 
tinuity in the drawing of the figures and detect two 
distinct sets of shadows—those cast by the princi 
pal figures of the Third Class Carriage, and, be- 
neath these, shadows of forms suggesting a land 
scape. Thus, at the right, there is a gable-like 
structure and a sloping tree trunk, indicating 
traces of another composition under the visible 
paint film. It is further apparent that this earlier 


picture has been scraped to remove heavy pig 
ment along the lower part of the canvas and in the 


section occupied by the seated figures. We have 
stated that at times artists resort to the practice of 
using a canvas more than once but in such cases 
of re-use the superimposed pictures maintain their 
identity as works by the same intellect and hand 
The present example is not in this class and it 
becomes certain that we are dealing with an imita 
tion in which an old foundation has been used to 
give a semblance of age and authority to a feeble 
effort. Daumier sought to express forms by trial 
and error, by drawing and redrawing. This was 
observed in the X-ray of the Malade Imaginaire 





Fic. 22. Honoré Daumier: Head of a Woman. X-ray. 


Fié. 23. Honoré Daumier: Le malade imaginaire. X-ray 
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24. Imitator of Daumier: 


where the heads register as blurred light areas, a 
condition which not exist in the present 
shadowgraph. Instead, shadows of the heads read 
in the X-ray exactly as they do in the panchromatic 
photograph and Daumier’s method of drawing with 
paint cannot be recognized. 


cle eS 


Since we have also 
seen that the infra-red photographs do not cor- 
respond to Daumier’s work-pattern, we are able 
to reject the picture as an autograph work by that 
artist. 

Now examine two additional works signed with 
the familiar i D, a signature to be found on most 
works by Daumier and on many with which he had 
no connection. [t will hardly be necessary in these 
cases to burden our discussion with a multitude of 
illustrations the 


each case is significant. 


because surface appearance in 

The first of these pictures ** is a small canvas 
known as The Barker (fig. 25). Closely related 
to a larger and more elaborate work entitled 
The Mountebanks,*® it is doubtless the picture re 


+ In this case, 

here, 

purposely 
Fuchs, op. cit., n 25, 125 


as with the other controversial items dis 


cussed owners’ names and sizes have 


been omitted 
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Third Class Carrtage. X-ray 
ferred to by Eduard Fuchs * as follows: “Von 
diesem Bild gibt es eine fast identische kleinere 


Wiederholung.” It has not been possible to ex 


amine the larger picture, once owned by the Baron 
Vitta in Paris, but from the reproduction published 
by Fuchs the two pictures are strikingly similar, 
not only in composition but also in drawing and 
in the distribution of the lights and darks of the 


modeling. Figure 26 reproduces the X-ray shad 
owgraph of The Barker and shows the picture to 
have been painted over an earlier portrait of a 
man with strangely oriental features—a perform 
ance quite foreign to Daumier’s method and en 
tirely unknown in his work as a type. It could 
be argued that Daumier possessed an old portrait 
of this kind and reused the canvas, Assuming this 
to be so; we must still reconcile the drawing of the 
picture before us with our knowledge of Daumier’s 
practice and, above all, with our understanding of 
his structural use of drawn outlines. Figure 25 
shows outlines used only in the profiles of the 
figures or to indicate the contours of drapery. 
They actually have little function since, in the fig 


6 [hid., 50, no. 125 





Imitator of Daumier: The Barker. Panchromatic photograph. 


Imitator of Daumier: The Barker. X-ray 
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ure of the clown, they are not followed in deline 
ating light and dark areas but merely decorate 
The author 
of this work has employed broad, sweeping strokes 
unlike those we 


the surface of the canvas at random 


associate with Daumier’s meticu 
lous and searching brush. Further points at vari 
ance with Daumier’s technique might be cited and 
would include the lack of drawing in the heads, 
the spotting-in of eyes with formless accents of 
paint, the shapeless, boneless hands, and the ar- 
tist’s preoccupation with the surface appearance 
of forms rather than with their basic structure. 
These serious faults betray lack of observation and 
knowledge and are unworthy of Daumier as we 
know him even in his most casual moments. 

The second painting (fig. 28), also signed h D), 
was discovered a few years ago among the effects 
left by an aged artist who had spent his student 
vears in Paris at the turn of the century. The 
composition, unknown among Daumier’s oil paint 
ings, is the subject of one of his lithographs en 
It will 


be observed that the figures in both pictures are 


titled Les envies de madame ** (fig. 27). 


Honoré Daumiet madame 


Lithograph 


This was published in La Caricature for March 7, 
1841, as plate 32 in the series 
Loys, Peintre, Graveur [lustre 


no 655 


\/ rurs ¢ j it yale :.. 
20-29 ( Hom 


chez lauteur, 1925-1930 


re Daumier ) 
Paris 
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lic. 28. Imitator of Daumier: Les envies de madame 


Panchromatic photograph 


shown at the same seale, the disposition of all ma 


jor and minor details in the oi painting corre 
spond exactly with their counterparts in the litho 
graph, and the figures in both face in the sam 
sense. We know that the lithograph was published 
Mareh 7, 1841, and may 


what earher 


have been made some 
We know also that Daumier’s first 
experiments with the oil medium date from. the 
neighborhood of 1848 when he painted his sketch 
for la 
Hence it 


Republique owned by the louvre. 


/ 


now 
would seem that our painting, if by 
Daumier, must date after 1848 and that the litho 
graph served as its model because both pictures 
have the same orientation or sense 

Further study of our lithograph and painting 
discloses important facts. The oil painting is a 
‘It is a well known fact that a design drawn on !:tho 


graphic stone will, when printed, appear reversed in the 


print. It is also known that in the making of reproductive 
prints of paintings or of topographical subjects, where it 
is essential to reproduce the true orientation of the origi 
nal, engravers and artists work in reverse on the plate or 
stone. The creative artist will occasionally base a print 
on the subject matter of an oil painting. When this hap 
pens, the sense or orientation of design ori the stone or 
plate will correspond to the sense of the painting but the 
resulting print will appear reversed 
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Fortunately, in the case of the oil version of Les 
envies de madame, stylistic considerations point 
conclusively to the fact that we are dealing with 
a copy. The drawing of the figures, for instance, 
is done directly in terms of paint, light areas con 
trasting with dark to express the forms. Daumier’s 
careful building of masses by placing glazes over 


drawn outlines is absent; the brush strokes are 
heavily loaded with pigment, applied rapidly and 
broadly with little concern for structure or solidity 


of form. The artist has imitated the surface ap 
pearance of Daumier’s lumpy paint without un 
derstanding the functional reason for its existence 


A COPY AFTER CORO 


The next problem in authenticity concerns one 
of, Camille Corot’s charming figure pieces and an 
old copy of the same subject. The case is perfect 
for our purposes because it proves conclusively 
what has been said about the hand and mentality 
of the creative artist and that of the copyist. The 
original picture was painted between the years 
1870 and 1872 from Corot’s favorite model, Emma 


ic, 2 Imitator of Corot: Haydée. Panchromatic 
photograph 


precise, line for line, repetition of the lithograph 
a practice we cannot find duplicated in Daumier’s 
work and one foreign. to any creative spirit. Many 
examples of this might be cited but perhaps two 
will suffice. In 1864 Daumier published his litho 
graph Croquis dramatique No. 2.°"° Shortly there 
after he painted a canvas Le drame.”’ In the latter 
he followed the main theme of his lithograph but 
rearranged spacial relationships and generally re- 
vised details. Similarly, in 1862 Daumier’s litho 
graph L’f{ne et les deux voleurs*' appeared and 
was followed by a painted variant."* Here again 
Daumier did not copy the lithograph but inter 
preted it freely, by shifting the placement of fig 
ures on the canvas, modifying gestures and details 
of anatomy. These examples furnish a clue to 
Daumier’s practice when he repeated an old theme 
in the oil medium. It follows that we must look 
with suspicion upon works copied too exactly from 
earlier prototypes. 

’ Delteil, op. cit., no. 3280 

Fuchs, op. cit., 45, repr. facing 48 

" Delteil, op. cit., no. 3253 ‘1G. 3 Corot: Haydée. Photograph reproduced by 

*Fuchs, op cit., 51, no. 136, pl. 136 Alfred Robaut 
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Dobigny. It is reproduced in Robaut's “ definitive 
catalogue under the title of Haydée with the no 
tation that it was sold by Corot to M. Gandouin and 
then passed through the Perreau Collection and in 
1887 was owned by M. Goupil. Robaut also sig 
nificantly notes “il existe une copie de ce tableau.” 
After 1887 the picture appears to have belonged 
to M. Dieulafoy, and because it was not publicly 
exhibited its existence was more or less forgotten 
until 1930 when it was shown at the ( mailerie Rosen 
berg ** in Paris. It reappeared in exhibitions in 
Zurich,’ 1934, in Paris," 1936, both times listed 
as the property of the Baron Napoleon Gourgaud 
Paris. Figure 30 shows the picture as reproduced 
by Robaut. 


i 


Since this illustration is identical with 
the reproductions in the catalogues of the above 
mentioned exhibitions, there can be no doubt that 
the painting owned by the Baron Gourgaud in 
1936 is the one known to and certified by Robaut 
as an original Corot. 

Within the last twenty-five years a second pic 
ture entitled Haydée and signed COROT appeared 
on the market and was purchased by a private col 
lector. Figure 29 isa panchromatic photograph of 
this work which is remarkable for its apparent du 
The 
question before us is to determine whether this 
second version of Haydée is a copy, perhaps the 
one referred to by Robaut, or 
brush of Corot. 


plication of every detail of the original. 


a replica from the 
To this end let us examine photo 
graphs of a number of unquestioned works by 
Corot and become familiar with his technique. 
Figure 31, an X-ray shadowgraph of Corot's 
Gipsy Girl at the Fountain? reveals the substruc 
ture of the artist's painted surfaces and his method 
It will be noted that the model 
ing is realized by an orderly progression from the 
darkest areas in the shadows to the lightest 


of building forms, 


por 
tions. This method is found in the head and hands 
and can also be observed in the drawing of the 
drapery. It illustrates what Corot meant when he 
said, “Je commence toujours par les ombres, et 
Cest logique ; car, comme c'est ce qui vous frappe 


le plus, c'est aussi ce que l'on doit rendre d’abord 


Ce qu'il vy a a voir en peinture, ou plutot ce que je 
‘Robaut, Alfred. and Etienne Moreau Nélaton, 
L’auvre de Corot, no 1997, Paris, Floury, 1905 
‘Corot, paysages de:France et figures. no 51, 
Galerie Rosenberg, 1930 
’Corot, no. 114, Ziirich, Kunsthaus, 1934 
‘® Corot, no. 95, Paris. Musée de VOrangerie. 
‘ Robaut, of. cit.. no. 1423 


Paris, 


1936 
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cherche, c'est la forme. ensemble, la valeur des 
tons.” 

Corot’s words and our shadowgraph of the 
Gipsy Girl at the Fountain will enable us to ap 
praise the shadowgraph (fig. 


32) of the copy under 
study, 


In this, Corot’s orderly development. of 
forms is absent, the dark and light areas of the 
modeling lack proper definition and they fail in 
their functional We 
throughout and can see no volumes or forms in the 


purpose, sense disorder 
making, but instead a distribution of accents of 
equal value in all directions, It is apparent in these 
two shadowgraphs that the brute substance ot 
paint has been applied differently : one method is 
logical and unified and the other logical and 
confused, 

Details of both pictures further illustrate the di 
vergence in methods used by Corot and his copyvist 
Compare the sparkle of the small brush strokes in 
hgure 33 with the flat paint seen in figure 34 
These photomacrographs record different hand 
W ritings, one of which ( fig, 33) is direct and ex 
pressive while the other is halting and evasive 
The modeling from dark to light in figure 33 car 
ries through logically, and the resulting forms are 
bone and sinew and alive 
condition exists: 


In figure 35 the same 
crisp hatchings merge shadowed 
portions with those in full light, the ordered use of 
contrasting tones create excitement and 
in every 
Corot's 


surprise 
passage. This masterly handwriting is 
and has nothing in common with the 
washed-in and glazed paint in figure 36 

Two additional comparisons should suffice as a 
control in our chain of reasoning. These are 
furnished by figure 37, La dame en bleu of the 
louvre, and Mother and ¢ hild *” of the John G 
Johnson Collection (fig. 38). The technique in 
both is clearly related to the artist who painted the 
Gipsy Girl at the Fountain although in each case 
the problems of format. lighting, and composition 
are totally different. Thus it is clear that an ar 
tist’s method is consistent and personal. If this 


has been shown adequately, the artist of our ques 


ticned Haydée was someone other than Corot: an 
artist whose preoccupation was with the surface ap 
pearance of paint and not with the true structure of 
living forms, 

The several problems discussed have illustrated 
the practical uses of photographic aids in the study 


of paintings. We have seen that photography 
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greatly extends our normal vision by exposing It must be emphasized, however, that laboratory 


unportant facts concerning the substructure of — aids can never entirely replace historical research,' 


paintings. If a sufficient number of photographic and that both approaches must be fully explored 
documents are assembled on a given problem of — before our conclusions can become universally 
authorship or authenticity, and related through — valid. 


comparison with similar material drawn from un ; oi ee 

‘t Rawlins, F. lan G., Evidence: Its nature and place 
2 3 in the scientific examination of pictures, Tech. Stud. 8 
stylistic grounds with a fair degree of accuracy. 75-81. 1939-1940 


questioned works, the problem can be resolved on 
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